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ABSTRACT 
Rivers and floodplain environments have provided human settlements with resources for 
thousands of years.  By understanding how rivers shape the land around them, we can use 
landforms to reconstruct ancient fluvial processes and to examine how they have conditioned the 
way humans interact with their environment.  This study investigates the Lower Ohio River 
during the Holocene.  During this period, Midwestern landscapes were adjusting to a variety of 
processes, including millennial-scale climate change involving the transition from a glacial to an 
interglacial environment.  At the same time, Archaic hunter-gatherers adopted a settlement 
strategy that favored large river valleys.  The cause of this shift has not been resolved. 
This study examined floodplain sedimentation and change along the Lower Ohio from 
Knob Creek to Rosewood Bottom  through two different scales of analysis:  the regional 
(geologic) scale and within local bottoms.  A model of floodplain structure from Madison to Tell 
City, Indiana was created using a GIS and used to examine differences between geologic regions 
and Early and Late Holocene sediment.  Swales were identified using a DEM, and depth, area, 
and perimeter-area ratio were used as proxies of their characteristics, which are correlated with 
backwater environments.  Subsurface soil and sediment data were collected from a transect 
across Rosewood Bottom and within a paleochannel common to the study reach and used to 
reconstruct floodplain production within an individual bottom.  Radiocarbon dates from geologic 
and archaeological contexts were used to examine Early and Late Holocene sedimentation rates. iv 
 
 
The Ohio River was active during the Early Holocene.  It migrated rapidly and 
constructed most of the modern floodplain.  In some areas, it was anabranching because resistant 
Pleistocene braid bars formed obstructions to flow that became islands.  During the Late 
Holocene, deposition has been mainly characterized by overbank backwater/slackwater 
deposition in swales.  There is not enough evidence to assign an exogenic cause  to this 
phenomenon. 
Significant differences in floodplain structure between individual bottoms and regions, 
the influence of underlying Pleistocene gravels on river migration, and different dates for 
paleochannel abandonment are indicators of autogenic controls on the Ohio’s behavior and show 
that bottoms have independent histories. 
This study complements current models of environmental change for river basins in the 
Midwest, but it suggests that the stability of the floodplain be given more consideration when 
analyzing Archaic settlement strategy. 
   v 
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CHAPTER 1: INTRODUCTION 
1.1.  Background 
This study investigates how the Lower Ohio River has functioned over the last 10,000 
years and how it is linked to its surrounding physical and cultural environment.  Since humans 
draw resources from the landscape around them, the environment plays a large role both in 
individual day-to-day experience and in determining large-scale cultural trajectories.  Rivers 
have been particularly important both prehistorically and today as a source of water, food, and 
transportation.  Floodplains offer some of the most arable land and attractive resources, yet they 
are often inundated with flood waters.  Thus rivers are both a significant resource and hazard. 
The physical landscape is not homogenous in either space or time.  As the environment 
changes, rivers respond accordingly.  Humans have been affected by river dynamics both in the 
past and the present.  Therefore, it is not surprising that scientists are interested in how rivers 
react to change.  In particular, many researchers have been concerned about how recent and 
projected climate change will alter flooding patterns (e.g. Knox 1993).  It is important to 
understand how external factors have interacted with rivers in the past in order to plan reliable 
long-term ecological and risk management strategies. 
In addition, detailed chronologies of river behavior are needed to reconstruct the 
environment and possible resource distribution on floodplains.  Knowledge of the river’s 2 
 
 
location and its discharge regime are vital, but the rates of these processes are equally important.  
Long-term landscape change can produce settlement changes that are noticeable over long (i.e. 
millennial) timescales but have little influence on individuals or generations.  However, rapid 
calamitous events, and changes that affect the frequency of these events, can directly affect the 
decisions of individual groups (McElrath, et al. 2009).  Thus it is important to consider rivers and 
fluvial landscapes in four dimensions—what the floodplain looks like and how this is changing 
over time—to adequately address issues relating to how humans interacted with their 
environment, both in terms of long-term settlement strategy and more rapid finer-scale 
responses. 
1.2.  Aims and purpose of study 
This study focuses on the Holocene history of the Lower Ohio River in a reach stretching 
from Knob Creek Bottom, just downstream of New Albany, about 20 km downstream to 
Rosewood Bottom.  The current literature does not address changes in the rate or nature of 
deposition, or to what extent allogenic and autogenic forcings were responsible for making this 
reach behave the way it did.  The Lower Ohio River Valley has a rich prehistoric culture 
beginning about 12,000 years ago.  In order to understand the role of rivers in shaping human 
settlement and to be able to predict possible future consequences, it is necessary to constrain all 
of these processes. 
The research strategy for this project is specifically designed to understand the fluvial 
processes that shaped the Lower Ohio River, to reconstruct the landscape of the river valley, and 
to build a detailed regional chronology for these processes.  This will help provide context for 
changes in settlement strategy occurring in the Midwest during the Archaic period.  3 
 
 
Understanding river behavior is vital to answering archaeological questions that extend beyond 
individual sites.  Knowledge of river stability and change in the past can be very useful when 
trying to identify the causes behind archaeological site distribution patterns or settlement strategy 
shifts.  An understanding of what drives river behavior can help answer broader questions, such 
as how human culture responds to environmental forcings like climate and sea level rise.   
Geomorphologists contribute to archaeology on various spatial scales and levels of complexity.  
Fluvial landforms must be identified and dated at individual occupations to determine the site’s 
immediate environment, but in order to find out how these sites fit into the bigger picture, it is 
necessary to know more about how the river operates on larger spatial and temporal scales. 
This study explains the geomorphology of the Lower Ohio River from Knob Creek to 
Rosewood Bottom not only in terms of its chronologic history but also by its sedimentation 
processes and rates.  This will form the basis for tying together information from other site-
specific Ohio River research projects to create a region-scale alluvial history for the Ohio that 
addresses fluvial change. 
This project answers questions relating to the configuration of the Ohio’s fluvial deposits 
and the nature of landscape change, specifically: 
•  What were the fluvial processes that shaped the landscape in the Lower Ohio River 
Valley and when did they occur?   
•  How was a paleochannel present throughout the reach formed and does it represent 
the Ohio’s complete channel or just a single branch of an anastomosing stream? 
•  What were the Ohio’s sedimentation/lateral migration rates throughout the Holocene?  
Did these rates change over time? 4 
 
 
•  What is the spatial extent and character of wetlands and backwaters in the Lower 
Ohio River Valley?  Does this change from the early to the late Holocene? 
•  Are there spatial and/or temporal differences in the amount and nature of sediment 
stored on the Ohio River floodplain during the Holocene? 
•  Are hydrologic changes reflected in the amount of bar verses overbank sediment? 
•  Do thicknesses and/or bedding types differ between bars? 
•  Can any change in river regime or rate of change be attributed to allogenic (i.e. 
external) forcing, such as climate or sediment supply?  
This research will contribute knowledge relevant to answering important 
geoarchaeological questions in both Indiana and the Midwest in general.  A regional fluvial 
chronology can be compared with spatial distributions of archaeological sites and with the timing 
of settlement change.  This will help archaeologists better understand the causes behind hunter-
gatherer change in the Middle Archaic and how humans react to environmental disturbance. 
1.3.  Thesis outline 
A three-dimensional landform model was created using two spatial scales.  A broad-
scaled analysis of floodplain surface architecture from roughly Madison to Tell City, IN 
considers the geologic influences acting on the river in Harrison County and whether floodplain 
structure changes through space and time.  A detailed reconstruction was conducted for 
Rosewood Bottom, a small portion of the floodplain in Harrison County, to identify the fluvial 
processes responsible for its surface structure.  This reconstruction was augmented by a brief 
study of sedimentation rates using data collected as part of the Caesars Archaeology Project in 
Knob Creek Bottom. 5 
 
 
Chapter 2 provides a background of the relevant literature, including discussions of 
Midwestern Archaic archaeology in the context of environmental change, fluvial behavior and 
the processes behind it, post-glacial river processes in the Midwest, previous research along the 
Lower Ohio River, and an introduction to soil geomorphology.  To get a broad scale perspective 
of floodplain structure, surface soil data and a digital elevation model (DEM) were used to create 
a rough landscape model.  The attributes and distribution of swales through space and time were 
used as a proxy of the Lower Ohio River Valley’s paleoenvironment and stability.  The rationale, 
model, and outcomes are explained in Chapter 3. Chapter 4 describes a sedimentation model 
created for Rosewood Bottom.  Subsurface soil and sediment data were  recovered through 
extraction and analysis of cores.  These cores formed the basis for identifying landforms and 
their origins.  Radiocarbon dates recovered from the cores were used to establish a chronology 
for Rosewood Bottom.  To quantify the rate of change of Ohio River migration and 
sedimentation, dates from the Caesars Archaeological Project were compiled.  This process is 
described in Chapter 5.  Chapter 6 synthesizes the results from Chapters 3-5, highlights the 
implications for studies of Holocene river systems and Midwestern archaeology, and provides 
suggestions for future work. 6 
 
 
 
 
 
CHAPTER 2: LITERATURE REVIEW 
2.1.  Introduction 
This study investigates how the Lower Ohio River has developed over the last 10,000 
years and how it is linked to its surrounding physical and cultural environment.  Since humans 
draw resources from the landscape around them, the environment plays a large role both in 
individual day-to-day experience and in determining large-scale cultural trajectories.  Rivers are 
particularly important,  both prehistorically and today,  as a source of water, food, and 
transportation.  Floodplains offer some of the most arable land and attractive resources, yet they 
are often inundated with flood waters.  Thus rivers are both a significant resource and hazard for 
humans. 
The physical landscape is not homogenous in either space or time.  As the environment 
changes, rivers respond accordingly.  Humans have been affected by river dynamics both in the 
past and the present.  Therefore, it is not surprising that scientists are interested in how rivers 
react to change.  In particular, many researchers have been concerned about how recent and 
projected climate change will alter flooding patterns (e.g. Knox 1993).  It is important to 
understand how external factors have interacted with rivers in the past in order to plan reliable 
long-term ecological and risk management strategies. 7 
 
 
This  chapter is divided into six sections.  Section 2.2 provides a background of 
Midwestern archaeology.  Section 2.3 sets the environmental context for ancient peoples by 
reviewing river and floodplain processes.  It is only by understanding fluvial processes that their 
deposits can be interpreted.  A late Pleistocene and Holocene review of Midwestern River 
valleys (Section 2.4) follows.  Section 2.5 describes how the Lower Ohio River fits into this 
regional context.  In many studies, including this one, fluvial landforms are placed into an 
environmental and temporal context using the soils that form atop them.  An account of 
pedogenic processes and how they are used to determine the influence of time in deposits is 
given in section 2.6.  Section 2.7 provides a synthesis and conclusion. 
2.2.  Archaeological Background 
The Archaic Period, which lasted from about 10,000-2,500 BP (Munson 1986) provides a 
good case study of how rivers and landscape variability are linked to cultural change because of 
the significant environmental and human settlement changes that were taking place during that 
time (Table 1).  The Midwestern Archaic has only been extensively studied recently.  Early 
excavations at the Modoc Rock Shelter (Styles, et al. 1983) and Koster site (Brown and Vierra 
1983) have revealed sequences that showed complex cultural dynamics.  These findings were 
surprising to most archaeologists, who viewed the Archaic as homogenous and uninteresting 
(Munson 1986).  The settlements and lifestyles of Late Archaic hunters and gathers in the 
Midwest were vastly different from their Early Archaic counterparts.  In the Early and early 
Middle Archaic (about 10,000-5,500 rcybp), settlements were small and ephemeral, suggesting 
short-term occupation.  For example, at Campbell Hollow, primary trash deposits are found 
within the site (Stafford 1985).  This suggests that people used sites for a short time and then 8 
 
 
abandoned them, because in longer term settlements, occupants presumably took care to remove 
trash from the site before it built up.  In addition, there seems to be less resource preference, and 
sites are found evenly throughout drainage basins.  At the Caesars site, most stone tools (with the 
exception of end scrapers) are made from the local Muldraugh chert, even though very high 
quality Wyandotte outcrops were nearby (Stafford 2007). 
During the Late Middle and Late Archaic (from about 5,500 rcybp), settlements take on 
new characteristics.  Large, whole-season or multi-season base camps with rock and shell-filled 
middens appear (Brown and Vierra 1983).  Thick middens demonstrate that sites were inhabited 
for decades.  Late Archaic settlements were also concentrated around large river valleys, with a 
smaller percentage of sites in the uplands (Brown and Vierra 1983). 
Most archaeologists agree that differences between Early and Late Archaic sites represent 
changing foraging strategies.  According to Binford (1980), hunters and gatherers adopt 
strategies that range from foraging, where the group moves its entire camp to the resources, to 
collecting, where groups send out task parties that bring resources back to base camps.  Binford 
argues that groups were not exclusively foragers or collectors, but rather the two strategies are 
the extremes of a spectrum and Archaic groups lie somewhere in between.  However, the Early-
Table 2.1. Major relevant time periods and events in the Midwest 
Event 
Approximate Date 
(years BP) 
Last Glacial Maximum  25,000 
Early Holocene  10,000-8,000 
Archaic Period  10,000-2,500 
Collapse of the Laurentide Ice Sheet  8,400 
Hypsithermal  8,000-3,000 
Late Holocene  3,000-present 
 9 
 
 
Late Archaic settlement shift is traditionally seen as a transformation from a foraging to a 
primarily collecting lifestyle.  The ephemeral Early Archaic sites represent highly mobile groups 
that do not leave large amounts of debris and for which there are no larger, centralized locations.  
The collectors in the Late Holocene were able to establish more permanent settlements.  The 
concentration of sites in large river valleys suggests that hunters and gatherers are choosing to 
settle in areas with a wide array of nearby resources, so that they do not have to travel as far and 
can become more sedentary. 
Changes in subsistence occurred alongside these settlement changes.  In the Early 
Archaic, hunters and gatherers utilized many resources and did not focus on any particular plant 
or game.  During this time, the forest  in the southern Midwest was closed-canopy mixed 
deciduous, with primarily elm and ash.  After the peak of the Hypsithermal, around 7,000 years 
BP, vegetation began to change to reflect the warmer, drier climate, and a xeric, open-canopy 
forest dominated by oak and hickory replaced the mixed deciduous forest (Stafford 1994).   
During the Late Archaic, we find nutshell to wood ratios increase, which suggest that nuts are 
becoming an increasingly important component of the Archaic diet.  Furthermore, while during 
the Early Archaic hunters and gatherers ate a variety of nuts (acorn, hickory, walnut, and pecan), 
in the Late Archaic they prefer hickory over the other nuts (Stafford, et al. 2000).  Faunal 
remains at base camps such as Bluegrass and Black Earth reveal that white-tailed deer become 
the most important meat source.  At some sites, particularly Koster, aquatic species, including 
fish, shellfish, and ducks, become important as well (Stafford, et al. 2000). 
The Early-Late Archaic shift in both settlement strategy and diet has been attributed to 
environmental change.  An increase in the availability of hickory has been linked to its greater 10 
 
 
utilization in the Late Archaic.  However, bulk-processing technology was used more at this time 
as well, and it is unclear whether the changing resource distribution or the invention was 
responsible for the shift (Stafford 1994).  According to Stafford (1994), changes in the 
distribution of resource patches played a role.  During the Hypsithermal, patches became smaller 
because the drier climate made the uplands more arid than large river valleys.  This meant that a 
wider distribution of resources was available in a smaller space, which allowed groups to 
become more sedentary.  Brown and Vierra (1983) argue that the development of rich aquatic 
habitats in slackwater areas of large river valleys were the prime influence in the shift to a 
collector strategy, because aquatic fauna became important at the Koster site during the Late 
Archaic.  Their justification comes from Butzer’s (1977) geomorphic reconstruction of the 
Illinois Valley, which describes rivers stabilizing and forming backwater lakes during the Middle 
Archaic. 
However, a more recent geomorphic assessment of the area (Hajic 1990) shows that 
backwater lakes were present in the Early Holocene.  Therefore, something else must have 
triggered the settlement shift.  Stafford, et al. (2000) argue that terrestrial, not aquatic, resources 
were the determining factor.  Their evidence comes from the Bluegrass site in the uplands in 
southwestern Indiana.  Bluegrass was a large-scale base camp with  similar archaeological 
characteristics to other multi-season camps in large river valleys, such as Koster and Caesars.  
However, since the site was in the uplands, the floral and faunal records do not show much 
aquatic resource use, but instead a higher influence of small game animals.  The record at 
Bluegrass does reveal that white-tailed deer and hickory nuts were primary components of the 
diet, similar to the other Late Archaic sites.  Stafford, et al. (2000) thus argue that the greater 11 
 
 
abundance of hickory and deer triggered settlement change, and that diet supplements depended 
on the location of the camp—in large river valleys, aquatic resources would be important, but, as 
Bluegrass shows, they are not essential because they can be replaced by small game. 
Thus, the conclusion that large river valleys became resource-rich during the 
Hypsithermal is one that is based largely on assumption rather than fact (Stafford 1994).  As 
more data from upland sites is unearthed, researchers are becoming increasingly critical of the 
idea that higher-quality floodplain resources were responsible for drawing groups into river 
valleys.  For example, Stafford (1994) argues that the floodplains are not necessarily responsible 
for attracting settlers out of the uplands, but rather the greater resource diversity that emerged 
during the Hypsithermal tended to favor the shift to a collector strategy that needed the uplands 
less.   
The reason for the emerging settlement concentration in large river valleys during the 
Middle Archaic is still unresolved.  The role of the river in these conclusions is often neglected, 
or its behavior is assumed without any concrete evidence.  An understanding and firm 
chronology of fluvial processes in large river valleys is essential to determining its influence (if 
any) on human settlement strategy.  However, it is becoming increasingly clear that fluvial 
change has directly impacted cultural development in the past.  In the Lower Mississippi basin, 
for example, Kidder (2006) argues that increased flooding due to climate change was responsible 
for the decline of the sophisticated Poverty Point culture about 3,000 years ago.  He suggests that 
this period of frequent calamitous flooding would have made the floodplain uninhabitable for 
years at a time.  The floodplain’s ecology would have been altered.  In particular, floods would 
lower the density of fish in channels and floodplain ponds, reducing the effectiveness of the 12 
 
 
Poverty Point culture’s mass-capture fishing technology.  In addition, since the Poverty Point 
people were part of a long-distance trade network, the collapse of their society would have 
reverberated throughout much of eastern North America.  There is some evidence to suggest that 
fluvial change and its associated flooding may have influenced other cultural transitions.  Kidder, 
et al. (2008) note that in the Upper Tensas basin (part of the Lower Mississippi drainage network 
in Louisiana) there are large numbers of long-term settlements near the river during periods of 
floodplain stability.  During periods of frequent flooding, little archaeology is present. 
2.3.  Fluvial Landscape Evolution 
Fortunately, rivers often leave their mark on the landscape.  By understanding how they 
shape the land around them, we can use existing structures to reconstruct ancient fluvial 
processes.  It has long been recognized that understanding geomorphologic features is vital to 
recognizing and interpreting various landscapes.  William Morris Davis, a geographer writing 
around the turn of the 20th century, strongly advocated explaining landforms instead of merely 
describing them.  His ‘Geographical Cycle’ (Davis 1899) was the first attempt at a landscape 
evolution model.  He compared landscapes to living organisms, arguing that they went through 
stages of ‘youth,’ ‘maturity,’ and ‘old age.’  Rivers played a major role in this cycle by eroding 
hillslopes, incising and widening valleys, and transporting sediment out of the system.  Davis 
eloquently explained how floodplains form by aggradation when the river cannot support its 
sediment load, and how terracing results from increased flow that evacuates sediment out of the 
system.  He also described the meandering river as a natural component of a mature landscape 
and noted how the size of the meanders reflected the amount of water being transported.   
Subsequent landscape evolution models (King 1967; Penck 1953) presented different views on 13 
 
 
the nature and importance of processes that cause landform denudation, but all agreed that rivers 
were important agents of erosion and sediment transport. 
Further work has broadened the understanding of specific fluvial landforms and the 
processes that are responsible for creating them.  Particularly important is the fact that rivers can 
achieve some degree of equilibrium.  While the amount of water in a river and the amount of 
sediment that it can transport varies greatly from season to season, a stream will eventually 
achieve a slope that is competent to transport the net amount of sediment that it receives over 
long timescales (Mackin 1948).  This is certainly not to say that the river is static; it can move 
laterally across a floodplain.  If migration is relatively slow, point bars on meanders will grow 
upwards, creating ridges.  If this occurs successively over time, a ridge and swale topography can 
form (e.g. Brakenridge 1988).   If lateral migration is rapid, the river may leave a paleochannel, 
either by cutting off a meander or by avulsion (Figure 2.1). 
Overbank flood deposition, on natural levees and further out on the floodplain, is also a 
natural and regular process in an equilibrated stream.  When rivers are in equilibrium, their 
channel dimensions will reflect their discharge regime (Leopold and Maddock 1953).  In a given 
period of time, there will be both small, high-frequency discharges and large, low frequency 
ones.  While large floods have the ability to carry the most sediment during single events, it is 
generally recognized (at least in rivers in humid climates) that the shape of a channel is 
determined by floods with relatively frequent recurrence intervals, because over long timescales 
frequent, low-magnitude floods transport more sediment than large, rare events (Wolman and 
Miller 1960).  In large trunk rivers, empirical studies from a variety of rivers have shown that 
bankfull discharges, which are the flows that fill the channel completely, have a recurrence 14 
 
 
interval of roughly 1-2 years (Richards 1982; c.f. Williams 1978).  This means that channel 
morphology is determined mainly by near-annual peak streamflow events. 
The environment is not static, however, and we are often more interested in how a river 
will react when it is not in equilibrium, or when some disturbance has disrupted its regime.  
These changes can cause the river to aggrade or incise, although they are often expressed in the 
frequency or intensity of flooding (and resultant sedimentation) or in channel migration rate 
(Daniels 2008; Knox 1993), which affects the deposition of alluvial ridges.  Thus the suite of 
landforms on a river floodplain has much to reveal about the processes that form them and the 
state of the landscape during the time that they were deposited. 
 
Figure 2.1. Common fluvial landforms.  (Photo 2005, Indiana Spatial Data Portal) 15 
 
 
The most difficult part of understanding river behavior (and often the part most debated) 
is determining what drives these processes in the first place.  In fact, rivers are subject to forcing 
from a variety of sources, especially tectonics, sediment supply, base level, and climate (Daniels 
2008).  These processes act on multiple spatial and temporal scales.  Geologists concerned with 
long (millennial to million-year) timescales tend to emphasize the role of tectonic uplift and sea 
level change that provide changes in base level (Daniels 2008).  This will determine the river’s 
slope and thus its sediment transport competency.  In addition, the nature of river sedimentation 
is dependent on the amount and type of material available for transport.  This is particularly true 
for fluvial dynamics during ice ages, because glaciers are able to erode large amounts of material 
that will eventually travel throughout the drainage network.  When glaciers retreat, they leave 
unstable slopes as well as large deposits of unconsolidated sediment, and because post-glacial 
events release this material at different times, the effects of glaciers can be felt long after the ice 
has melted (Ballantyne 2002).  Sediment supply is also largely a function of the type of 
vegetation present within the drainage basin because plant cover and roots help prevent erosion 
by slowing runoff and holding soil in place.  Langbein and Schumm (1958) demonstrated that 
regions with desert shrub or grassland tend to experience the most basin erosion, and that streams 
in forested areas have low sediment yields because trees effectively prevent soil erosion. 
Recently, many researchers have focused on the effect of climate change on river 
behavior (e.g. Hajic 1990; Knox 1993; Macklin, et al. 2010).  As we have seen, climate can 
affect fluvial networks indirectly because of its determining role in glaciations and vegetative 
cover.  However, it can also directly alter river discharge regimes.  Early geomorphologists were 
reluctant to incorporate climate into their models of landscape evolution.  For example, Davis 16 
 
 
(1899) classified climate changes as ‘abnormal’ exceptions to the standard development of 
landforms, although he admitted that ‘accidental changes may occur over and over again within a 
single cycle’ (p. 501).  More than half a century later, King (1967) argued strongly against 
climate as an important agent of landscape change.  He noted that rainfall differences created 
small variations in landforms but that they had no effect on their overall form.  However, when 
considering geologically short timescales such as the Holocene (c. 10,000 years BP  to the 
present), and more specifically, the Archaic, these small differences become very important.   
Knox (1993) has shown that relatively small climate changes (15-20% differences in average 
precipitation) can alter the recurrence interval of floods exponentially.  This is often apparent on 
floodplains;  Kidder, et al. (2008), for example, have shown that global and regional climate 
events line up with periods of fluvial instability along the Lower Mississippi River.  Macklin, et 
al. (2010) demonstrate that these correlations exist on larger scales that encompass multiple river 
basins. 
It is sometimes easy to confuse fluvial sedimentation that is conditioned by climate 
change or other allogenic (i.e. external) factors with internal adjustments because rivers can 
create terraces, paleochannels, and other deposits that suggest a regime change without any 
apparent external forcing.  Schumm and Parker (1973) demonstrated that rivers respond to 
internal thresholds by investigating channel development in a laboratory flume.  They introduced 
an allogenic perturbation to the system by lowering the base level.  In response, the channel 
incised, starting at the mouth of the basin and working its way upstream.  As the upstream 
tributaries eroded, they released sediment, causing aggradation in the trunk stream.  However, 
when the tributaries stabilized, they stopped releasing sediment to the downstream channels.  17 
 
 
This caused the trunk streams to incise, without any external forcing.  In fact, rivers can cross 
autogenic (internal) thresholds without an initial disturbance.  For example, meandering channels 
will commonly cut off individual meanders when they become very sinuous.  When this 
happens, the local slope rises because of the loss of river length, increasing the streampower and 
thus causing more sediment transport (Daniels 2008). Usually researchers will argue for 
allogenic forcing by demonstrating that the deposits under study are regionally synchronous.  
However, there has been little discussion about how narrow a spatial and temporal range deposits 
must fall into to be considered ‘regionally synchronous’ (Daniels 2008).   
In addition, the size of the river basin largely dictates its response to perturbations.  The 
influence of a given amount of sediment on the river system is much less for a large river valley 
than for a small tributary stream because larger floodplains have more storage capacity.  This 
means that small basins will record small-scale changes in discharge and sediment supply.  Large 
trunk-valleys will be insensitive to these changes, but will respond to large-scale alterations 
(Gladfelter 1985).    Thus, as we have seen, external factors create important controls on river 
behavior and its resulting response on the landscape.  However, each river responds differently 
because of its size and internal characteristics.  Consequently, it can be difficult to develop 
specific cause-and-effect relationships between an allogenic forcing and the resulting 
sedimentary deposits. 
2.4.    Holocene Landscape Evolution in the Midwest 
Interpreting Midwestern rivers is especially challenging because they were extensively 
influenced by Pleistocene glaciations.  Since commencement of the latest phase of deglaciation 18 
 
 
21,000 yr BP, the region has been subject changes in sea level, vegetation, and climate.  All of 
these factors must be taken into consideration when interpreting fluvial landforms. 
All major rivers in the upper part of the Midwest, including the Illinois (Hajic 1990), the 
Upper Mississippi (Bettis, et al. 2008), and the Ohio (Fraser and Fishbaugh 1986), were glacial 
outwash channels during the Pleistocene.  During the Last Glacial Maximum (about 25,000 years 
BP), they had aggrading braided channels that received large amounts of sediment from various 
lobes on the Laurentide Ice Sheet and from the surrounding periglacial environment.  These 
braided channels provided sources of aeolian sand and silt that filled upland basins.  The 
resulting loess deposits have provided sediment to tributary streams ever since.  As the ice sheet 
retreated, the major river channels switched from a braided to a meandering form in response to 
the finer sediment load.  The Illinois and Mississippi Rivers were both unstable during the late 
Pleistocene and early Holocene (about 12,400-7,800 years BP).  They incised, creating terraces, 
and were prone to major floods and frequent avulsion.  In addition, rising sea levels during this 
time may have caused sedimentation in the trunk streams and subsequent backfilling in 
tributaries (Hajic 1990). 
The Laurentide Ice Sheet retreat was ultimately due to climatic warming and drying.  
Drying began around 14,000 years ago and was accelerated as the ice sheet disappeared and 
finally collapsed about 8,400 years ago (Williams, et al. 2010).  Aridity reached a maximum in 
the Middle Holocene at about 6,000 years BP, during the Hypsithermal (c. 8,000-3,000 years BP; 
Webb, et al. 1993).  This Hypsithermal climate had a profound impact on the landscape, 
especially on the distribution of vegetation in the Midwest.  The range of prairie vegetation 
extended northward and eastward, and forest composition changed.  Vegetation reconstructions 19 
 
 
using pollen found in lake sediments have allowed researchers to track the incursion of a zone of 
grassland called the Prairie Peninsula into eastern forests (Figure 2.2).  Baker, et al. (1992) found 
that prairie arrived in north-central Iowa at about 8,000 years BP and lasted there until 3,000 
years BP, but further east, the Prairie did not arrive until 5,500 years BP.  Other studies have 
recorded the shift in Minnesota:  prairie arrived as early as 8,500 years BP (Dean, et al. 1984), 
but had retreated by 5,000 years BP (Wright 1992).  Thus the Prairie Peninsula reached its 
maximum extent in the north first but continued extending in Illinois during the later stages of 
the Hypsithermal. 
   
 
Figure 2.2. Migration of the Prairie Peninsula (from Wright, 1992) 20 
 
 
The climate and vegetation regime during the Hypsithermal probably conditioned 
Midwestern river behavior to some extent, but the evidence is complex and contradictory.  Knox 
(1983), following the work of Langbein and Schumm (1958), argues that prairie environments 
can provide large amounts of sediment to drainage basins, especially during droughts.  Hajic’s 
(1990) work along the Lower Illinois River supports this; he concluded that net upland erosion 
occurred during the Middle Holocene, causing excess sediment and thus aggradation in the main 
trunk stream.  However, work on alluvial fans deposited by tributary streams entering large river 
valleys have suggested that the uplands were stable during the Middle Holocene, and that upland 
erosion occurred during wetter periods (Bettis and Hajic 1995).  Evidence that floods were 
smaller during the Middle Holocene would support this (Knox 1993, 2000), although small, 
convective thunderstorms,  frequent in dry environments,  could cause erosion in the uplands 
(Knox 1983). 
Van Nest (1997) has argued against climate as the dominant factor in fluvial change 
during the Holocene and is particularly critical of the idea that Hypsithermal vegetation change 
affected rivers at all.  One of the possible causes she suggests is that rivers are responding 
primarily to the post-glacial changes in sediment supply.  At least some support for this idea 
comes from minor tributary streams.  Bettis and Autin (1997) show that in Mud Creek, a small 
basin in Eastern Iowa, the most important external forcing factor acting on the river is the large 
amount of sediment delivered to the basin as loess at the end of the Pleistocene.  Some, but not 
all, channel change occurred during periods of climate change, leading Bettis and Autin to 
conclude that Mud Creek is responding to Late Wisconsin sedimentation through a series of 21 
 
 
autogenic cut and fill episodes and that climate is only responsible for change when the river is 
nearing an internal threshold. 
While the relationship between climate and rivers during the Hypsithermal is debated, 
most studies seem to agree that a shift to a cooler and wetter period at about 3,000 BP was 
responsible for the difference in fluvial behavior between the Middle and Late Holocene.  Knox 
(1985, 1993, 2000) found that the width of paleochannels and the grainsize of flood deposits in 
the Upper Mississippi River Basin both enlarged during this period, which suggests that the 
magnitude of both low- and high-frequency floods increased significantly.  After 3,200 BP, the 
tributaries in this basin responded by aggrading and forming stable meander belts across the 
alluvial fans that entered the main valley.  This meant that more sediment was stored on tributary 
floodplains, and as a result the Mississippi’s meanders became less sinuous (Bettis, et al. 2008).  
Along the Illinois, Hajic (1990) also found that tributaries began meandering after 3,000 BP. 
2.5.  The Lower Ohio River 
These patterns have not yet been investigated along the Ohio River.  The Lower Ohio 
runs from near Cincinnati, Ohio to its confluence with the Mississippi River at Cairo, Illinois 
(Ray 1974).  This portion of the river offers a unique perspective because it was completely 
forested throughout the Hypsithermal (Wilkins, et al. 1991), unlike neighboring glacial outwash 
channels in the Illinois and Mississippi basins.  It can thus specifically address the role of 
vegetation in the Middle Holocene by providing a control with which to compare rivers in the 
forest-prairie transition zone.  Since the Ohio is a large river with an extensive drainage basin, it 
will record large-scale, long term climatic change (Kidder, et al. 2008).  It is thus ideal for 22 
 
 
investigating the role of major events such as the Hypsithermal in conditioning fluvial 
landscapes. 
Ray (1965, 1974) developed a chronology of Ohio River deposition for the pre-Holocene 
Quaternary.  The Ohio’s origins date back to the Pleistocene glaciations, where successive 
episodes of ice-sheet resurgence carved the current Ohio Valley from Cincinnati, OH to 
Louisville, KY and diverted drainage to it (Ray 1974).  During glacial periods, the valley 
downstream of the lobe acted as an outwash channel and was filled with gravel and coarse sand.  
During interglacials, the Ohio incised, partially reworking these materials (Ray 1965).  During 
the Wisconsin stage (the Last Glacial Maximum), ice did not reach the Ohio River Valley, but it 
still acted as an outwash stream, with its valley train deposits covering those of all other periods.  
Remnants of these deposits are still visible at the surface as the Tazewell terrace (Ray 1965). 
Following deglaciation at the end of the Pleistocene, the Ohio transitioned from a braided 
to a meandering river (Fraser and Fishbaugh 1986).  Although several geomorphologic 
assessments have been conducted at archaeological sites along the Lower Ohio (e.g. Gray 1984; 
Stafford 2004; Stafford and Creasman 2002), a regional chronology of its Holocene fluvial 
history is lacking.  A few studies have investigated its lateral migration.  Fraser and Fishbaugh 
(1986) mapped the fluvial deposits downstream of Evansville.  They provided a good description 
of ridge deposits—they are thick and often laminated at first while the ridge is low, but get 
thinner and finer-grained near the top of the deposit.  In this area, the river is very sinuous, yet it 
appears to be migrating much more slowly than what is considered ‘normal’ for meandering 
streams, leading Alexander and Nunnally (1972) to suggest that the Ohio’s unique sediment 
supply and discharge regime are responsible for the anomaly.   23 
 
 
2.6.  Soil weathering and landscape reconstructions 
In order to interpret the sedimentology of relict fluvial landforms, it is necessary to 
consider the effects of landscape evolution after features are deposited.  Both external and in-situ 
weathering alter the nature of sedimentary deposits, and therefore distinguishing characteristics 
of the original deposit from remnants of weathering ensures that the landform is characterized 
correctly.  Once a deposit is stable, pedogenesis will begin to alter its physical and chemical 
structure.  The nature and rate of soil formation is dependent on its environment (Jenny 1941), so 
soils have the potential to provide much information about climate, vegetation, and hydraulic 
conditions for the period when the landform is stable. 
Pedogenic processes will alter parent materials in ways that can be described and 
measured.  When creating landscape evolution models, it is important to constrain the influence 
of time in this process.  Time is represented in the stratigraphic record in two ways:  through the 
deposition of the sediment and through the pedogenesis that alters it (Holliday 2004).  Rates of 
pedogenesis vary, but if they are quantified, landforms can be dated or placed in a relative 
chronology.  This has a variety of paleoenvironmental applications, from creating landscape 
reconstructions (e.g. Favilli, et al. 2009) to predicting the location of buried archaeological sites 
(Stafford 2004).  Using soils to analyze landscape reconstruction requires an understanding of 
the physical, chemical, and biological weathering processes that alter parent material, and 
knowledge of how they change through time. 
2.6.1.   Soil weathering and its effects 
Soils form through the addition of organic material and chemical weathering associated 
with percolating water (Birkeland 1984).  As organic matter decays it is incorporated into the 24 
 
 
parent material, creating an A horizon.  Biomass and simple organic compounds decay quickly, 
but organic matter can exist as humus for hundreds to thousands of years (Holliday 2004).  As 
water percolates through the A horizon, it leaches nutrients from the humus and weathered 
sediment and carries them further down the soil column.  These ions are either leached out of the 
system as a solute in water, or are precipitated out and form secondary crystalline or non-
crystalline products (Birkeland 1984).  Their solubility, which determines their ability to remain 
in the soil, depends on a number of factors.  One is the ionic potential (the strength of the 
positive charge) of the ion in solution.  For example, aluminum and ferric iron are highly 
attracted to the oxygen in water, and thus can remain near the weathering site through oxidation, 
while other nutrients, especially calcium, remain in solution and are flushed out of the system 
(Birkeland 1984).  The cation exchange capacity (CEC, the strength of the negative charge) of 
the surrounding matrix is important as well.  The CEC is highest in organic material and in 
matrices with small particles because there is more surface area (and consequently broken bonds) 
for cations to attach to (Birkeland 1984).   
Weathered elements that stay in the soil profile form a variety of secondary products.  If 
they are present in the proper proportions, they may form minerals; otherwise they will adsorb to 
colloid surfaces within the soil matrix (Birkeland 1984).  Common secondary iron minerals are 
readily observable in soil profiles (see below) and thus are useful markers of pedogenesis.  It is 
hard to link Fe mineral formation processes with the resultant soil development because 
pedogenic rates are very slow compared to conditions that can be created in the laboratory 
(Birkeland 1984).  However, there is consensus that ferrous iron weathered from silicate 25 
 
 
minerals will oxidize to form hydrous ferric oxide, which is subsequently crystallized into 
magnetic minerals, including goethite, hematite, magnetite, and meghemite (Boyle, et al. 2010).   
Iron and other cations (aluminum and magnesium) will also bond with silicon, oxygen, 
and hydroxide to create clay minerals.  Their crystalline structures are created from combinations 
of two basic units:  tetrahedral sheets of four oxygen ions bonded to a silicon ion and octahedral 
units formed from cations surrounded by various combinations of oxygens and hydroxyls 
(Birkeland 1984).  For example, a 1:1 ratio between octahedral and tetrahedral sheets will form 
kaolinite, and smectite is produced when an octahedral sheet is sandwiched between two 
tetrahedrals (Birkeland 1984). 
The net result of pedogenesis is describable and measurable soil characteristics.   
Developed soils will have low clay and nutrient contents in the A and C horizons and a peak in 
the B horizon, where weathered materials percolate and clay forms in-situ (Birkeland 1984).  
Oxidized iron is apparent in the soil as mottles that are distinguishable by their color:  hematite 
will appear bright red, goethite becomes yellowish-brown, and ferrihydrite is reddish-brown 
(Birkeland 1984).  Reduced Fe will give the soil a gleyed color (Bettis 1992).  These minerals 
form fine-grained magnetic particles that are detectible using a magnetic susceptibility meter 
(Zhou, et al. 1990).  Developed soils will have increased susceptibility in the A horizon because 
organic material provides material for bacteria Fe
3+ reduction, and some of this ferromagnetic 
material may enter the B horizon through illuviation (Torrent, et al. 2010). 
2.6.2.   Rates of soil formation in chronosequences 
By understanding the dynamics behind the formation of these pedogenic characteristics, 
we can use soils to glean information about the landscape in which they form.  The profile of a 26 
 
 
soil is dependent on its environmental context.  Jenny (1941, 1980) identified the major soil 
forming factors:  parent material, topography, climate, the vegetation and organisms present, and 
time.  Time does not produce direct results on soil formation, but it conditions how long the 
other physical, chemical, and biological processes have to alter the parent material (Holliday 
2004).  By determining the rate of development for individual soil systems, it is possible to 
isolate the effect of time and date soils. 
Chronosequences are sets of soils whose primary difference is the amount of time that 
each has been left to form.  In theory, each soil will have passed through the same stages of 
development, so that younger soils have the same properties that their older counterparts once 
did (Vreeken 1975).  Chronosequences are thus useful for dating regional landscapes, where 
parent materials and climate are held roughly constant (e.g. Holliday 1988; Torrent, et al. 2010).  
There are two aspects of time that affect soils:  the duration of soil development, and the period 
in which it is formed, and from them Vreeken  (1975) has identified four types of 
chronosequences.  Post-incisive sequences began forming at different times, but were buried (or 
continue to develop) at the same time.  These are the most common, and are particularly useful 
for describing fluvial terraces, where rivers have incised, leaving progressively younger surfaces.   
In pre-incisive sequences, pedogenesis commenced on all surfaces on the same time, but they 
were progressively buried.  These chronosequences, while rare, are especially valuable because 
they preserve the early history of the soil evolutionary sequence, even if environmental change 
occurred.  Vreeken identifies two types of chronosequences where start and end times were time 
transgressive—those whose periods of formation overlap, and those that do not (e.g. stacked 
buried soils). 27 
 
 
Many studies have used chronosequences to quantify rates of soil development (e.g. Egli 
and Fitze 2001; Gerzabek, et al. 2010; Harden, et al. 1991).  Numerical modeling has suggested 
that soil evolution over time is correlated most highly with ratios of Fe oxides, the soil cation 
exchange capacity, the silt:clay ratio, levels of organic carbon, and Ca/Mg ratios (Scalenghe, et 
al. 2000).  If these and other soil properties are calibrated to absolute ages, then other surfaces in 
the same region can be correlated and approximately dated. Harden, et al. (1991) did one such 
reconstruction in the California/Nevada Great Basin.  They used clay and carbonate levels that 
had been corrected for levels in the parent material to create a ‘soil development index.’  Rates of 
pedogenesis varied between the Pleistocene and Holocene, probably because of climatic and 
other environmental differences, complicating the reconstruction.  However, they concluded that 
Holocene soils were suitable for providing reliable (albeit rough) dates.  Egli and Fitze (2001) 
also used carbonate to create a development model for Swiss soils.  Since carbonate is very 
soluble, mass balance equations relate the volume lost due to leaching to the initial carbonate 
concentration in the parent material.  Dissolution was highly correlated to the water supply (i.e. 
precipitation), which determined the rate of leaching.  This was sensitive to soil age. 
Other reconstructions have utilized organic carbon and phosphorous levels, which are 
useful for recent, short-term soil development (Gerzabek, et al. 2010), and argillic horizon 
development (Holliday 1988).  The latter is detectable through grainsize distributions and the 
type of clay present in the B horizon.  Holliday (1988) was able to quantify the rate of clay 
development in Texan soils by estimating the percentage of particles coated by clay films and by 
analyzing changes in the abundances of clay mineral types.  He found that argillic horizons 
developed surprisingly quickly, in as little as 450 years.  The percentage of coated grains and the 28 
 
 
total clay content increased with time, reflecting illuviation from translocation.  In addition, 
repeated episodes of wetting and drying in river valley bottoms releases potassium from illite 
crystals, causing the remaining elements to reform as smectite, whose concentrations increase 
with time.  Smectite levels were also correlated with time in alpine environments (Favilli, et al. 
2009). 
Iron weathering and its products are particularly useful proxies for soil development and 
have been used in a wide variety of environments and timescales.  Researchers commonly use 
the ratio of oxalate-extractable iron (Feo) to dithionite-extractable iron (Fed) to describe levels of 
soil  development.  Feo approximates Fe contained in amorphous (non-crystalline) hydrous 
oxides and organic matter, while Fed measures the total Fe that is not bound as clay minerals 
(Birkeland 1984).  The ratio represents the relative amount of crystalline iron (e.g. magnetite and 
hematite) present in the soil, which increases with the degree of soil development, depth, and age 
(Pai, et al. 2004).  Feo/Fed ratios are useful on a variety of timescales.  Gerzabek, et al. (2010) 
calibrated the ratio to historic-age radiometric and optically-stimulated luminescence dates on 
floodplain soils along the Danube River in Austria. The ratio successfully dated soils so that their 
ages reflected their geomorphic position.  Pai, et al. (2004)  used the same technique on 
Taiwanese soils with ages ranging the entire Holocene.  The Feo/Fed ratio decreased with 
increasing age, as expected, although the authors find that the ratio of dithionite-extractable iron 
to total iron content calibrates with age most closely.  Oxalate-  and dithionite-extractable 
aluminum can be used in the same way to track weathering over time (e.g. Favilli, et al. 2009). 
Iron mineral development may also be approximated with magnetic susceptibility.  This 
technique is useful because it is non-destructive, quick, and relatively simple (Singer, et al. 29 
 
 
1992).  It measures induced magnetization, or the extent to which a sample can be magnetized 
(Dalan 2008).  Since the realization that fine-grained magnetic particles could be produced in-
situ through pedogenesis as opposed to arriving exclusively through sedimentary deposition 
(Zhou, et al. 1990), the use of magnetic susceptibility has been adopted for soil chronosequence 
studies (e.g. Singer, et al. 1992; Torrent, et al. 2010).  Researchers typically use the frequency 
dependence  susceptibility  (χfd),  which  measures  the  difference  in  magnetic  susceptibility 
between high and low frequency signals and can be used as a proxy of ultra-fine magnetic 
particles (Dalan 2008).  In a study of a Pleistocene age chronosequence  on the northern 
California coast, Singer, et al. (1992) noted elevated χfd signals in the A and AB horizons versus 
the B horizons and parent material.  Upper-horizon susceptibility and the depth of elevated 
signals increased linearly with soils of increasing age, allowing the authors to conclude that 
magnetic susceptibility was a promising method for relatively dating Quaternary-age  soils.  
However, Boyle, et al. (2010) caution researchers about using susceptibility to monitor longer-
term (millennial-scale) change, as their modeling suggests that as ferrous iron in parent materials 
is depleted and weathering of less reactive minerals begins, the rate of magnetic mineral 
formation declines. 
There are many complications to using chronosequences to record soil  evolution.  
Vreeken himself admits that a quantitative characterization of soil development is near 
impossible because of local differences like slope and aspect (1975).  Indeed, Aslan and Autin 
(1998) argue that in many instances topography can influence floodplain soil development more 
than time.  They found that soils from meander belt deposits and backwater swamps on the 
Holocene-age Mississippi River floodplain vary greatly in soil development, even though they 30 
 
 
are of similar ages.  Backswamps are much more poorly drained and have a more constant 
source of sedimentation, hindering soil development.  The water table also complicates 
interpretations.  Iron and aluminum oxide content were found to correspond more to the 
deposition type (overbank vs. point bar) sedimentation than from weathering.  Aslan and Autin 
concluded that the Holocene Mississippi floodplain is better suited to recording the influence of 
hydrology rather than time.   
In addition, the idea of the chronosequence rests on the assumption that environmental 
change did not occur during the entire time interval represented (Vreeken 1975), a criteria rarely 
upheld (e.g. Harden, et al. 1991; Huggett 1998).  Traditional models (e.g. Jenny 1941) are based 
on the notion that soils develop along a sequence dependent on their environment until they 
reach a ‘mature’ state in which they are in equilibrium with the landscape (Huggett 1998).   
However, Huggett (1998) has noted that soil development in reality is stochastic, as the 
environment is rarely static and internal pedogenic dynamics can be unpredictable.  Indeed, 
Harden, et al. (1991)  note that a soil may respond to internal thresholds that alter its 
development, such as clay or carbonate buildup in macropores that eventually decrease soil 
permeability, altering the chemical environment. 
However, soil properties are useful for dating even if they did develop on different 
evolutionary pathways.  Bettis (1992) demonstrated that Midwestern floodplain soils can be 
divided into age groups based on easily-recognizable soil properties (color, texture, mottling, and 
structure), even though they are not chronosequences.  Environmental change over time in fact 
allows Early, Late, and Historic Holocene deposits to be distinguished.  Low water tables during 
the Middle Holocene allowed vertical movement of sediment-free water that created a highly 31 
 
 
developed Bt horizons in Early Holocene alluvium, making them distinguishable by well-
developed horizonization and moderate structure.  Late Holocene flooding created soils with a 
clayier texture and overthickened A horizon.  Higher levels of organic material distinguish these 
deposits from lighter-colored Historic deposits, which can be recognized easily as Entisols with 
A-C profiles.  Thus, even though these floodplain soils may follow different evolutionary 
pathways, they can still be calibrated to time for local landscape reconstructions. 
Stafford (2004) modified Bettis’s (1992) soil-geomorphic model for the Lower Ohio 
River Valley.  In this region, highly weathered Alfisols with argillic and albic materials and 
distinctive oxidation mottling overlie Early Holocene deposits and represent about 8,000 years of 
pedogenesis.  Less-weathered Mollisols are indicative of Late Holocene deposits, which formed 
at earliest 3,000 years ago.  These age determinations allow archaeologists to determine the 
potential for buried sites in areas of the floodplain that have not been excavated. 
Soil development is a widespread and important component of landscape evolution.   
Geomorphic features continue to morph, even when initial sedimentation or erosion has ceased.  
Pedogenic chemical processes and their end products leave recognizable traces that reveal much 
about the environment in which they formed.  Thus, if understood, soils are invaluable tools to 
those interested in reconstructing paleolandscapes. 
2.7.  Summary and Conclusion 
Reconstructing and quantifying landscape evolution is essential to understanding the role 
of the paleoenvironment in shaping human settlement patterns.  During the Middle Holocene in 
the Midwestern United States, hunters and gatherers adopted a foraging strategy with less 
mobility and concentrated settlements along large river valleys.  Explanations for this shift have 32 
 
 
traditionally incorporated models of environmental change, although over time new data has 
caused researchers to question conventional models of river valley evolution.  More knowledge 
is needed on the role of the river channel and floodplain to resolve this issue. 
Rivers and their floodplains are dynamic systems, and channel migration and flooding are 
natural processes.  On a Holocene timescale, they are particularly sensitive to changes in climate 
and sediment supply, although it can be difficult to piece together the individual roles of these 
exogenic factors, especially because endogenic stream adjustments can complicate the signal.  It 
is particularly important to take a basin-wide approach to understanding sediment routing—
tributary streams and large trunk rivers respond to forcing factors at different spatial and 
temporal scales, and can show varied responses to environmental change. 
In the Midwest, major rivers, including the Ohio, were glacial outwash channels during 
the Pleistocene, and have subsequently reworked these deposits and formed meandering 
floodplains that have transported upland loess in varying rates and quantities over time.  Little is 
known about the Ohio’s behavior during the Holocene in comparison to the Illinois and Upper 
Mississippi Rivers; however, previous studies have suggested that fluvial change was much less 
pronounced than in most meandering channels. 
While rivers actively shape their floodplains, surfaces can attain a degree of stability that 
allows soil formation.  Pedogenesis is an important factor in landscape evolution that contains 
useful information about environmental conditions and landform history.  Soils form by the 
decomposition of organic matter and weathering of parent materials, and the effects of these 
processes accumulate over time.  Soils can thus be characterized by the amount of time that they 33 
 
 
have been forming.  Multiple studies in the Midwest have used soil orders as a tool to date 
Holocene floodplain landforms. 
A regional landscape reconstruction should take into account the processes and rates of 
sediment deposition and subsequent reworking, as well as the effects of previous landscapes and 
environmental change. 34 
 
 
 
 
 
CHAPTER 3: FLOODPLAIN MODELING 
3.1.  Introduction 
Backwater/slackwater aquatic environments were important resources for Archaic 
hunters and gatherers (e.g. Brown and Vierra 1983), and thus characterizing how they change 
over space and through time is important for looking at causes for settlement patterns and 
resource use change.  Floodplain swales are poorly-drained and, prior to twentieth-century 
dredging projects, were backwater environments.  This study examines swale characteristics, on 
the premise that if the nature of swales changes over space and time, then backwater 
environments were different as well.  The goal is twofold:  to determine whether or not there was 
a change in swale characteristics between the Early and Late Holocene, and to see if the structure 
of bottoms in the Knobstone region of Harrison County are reflective of floodplains in upstream 
and downstream portions of the Lower Ohio River valley. 
A simple model was created to identify swales on the western and northern (Indiana side) 
Ohio River floodplain based on a digital elevation model (DEM).  Swale area, perimeter/area 
ratio, and depth were used as proxies to describe swales in individual bottoms.   The model is not 
sophisticated enough to accurately identify every swale.  It thus does not describe absolute swale 
characteristics.  It will, however, identify differences in floodplain structure that lead to variation 
in the way that the swales are modeled. 35 
 
 
3.2.  Geologic setting 
The floodplain model extends from Madison, IN to Tell City, IN (Figure 3.1).  The Ohio 
River in this reach passes through five geologic zones:  the low-relief Muscatatuck Regional 
Slope and Scottsburg Lowland,  the confining Knobstone Escarpment, and the Mitchell 
Plain/Crawford Upland, where the floodplain is extensive and the river is more sinuous than 
upstream reaches (Jefferies 2008). 
In Harrison County, the Ohio River is constrained by the Knobstone Escarpment, 
siltstone and shale erosional remnants that are capped by resistant rocks (McDowell 1986).  
These knobs form bluffs along the river margin and act as a constriction that prevents this reach 
of the Ohio from behaving like a traditional meandering river.  Parts of the Knobstone 
Escarpment extend out into the Ohio River valley, dividing the floodplain into bottoms that are 
separated by narrow segments in the valley.  Each bottom contains landforms that have slightly 
different development patterns and sedimentary characteristics (Boulding 1995a, b).  In the 
western half of Harrison County and downstream, the floodplain opens up, bottoms are larger, 
and the Ohio is more sinuous. 
3.3.  The floodplain model 
3.3.1.   Floodplain adjustment 
The floodplain swale model is based on 2005 IndianaMap 5-foot county-wide DEMs, 
collected from the Indiana Spatial Data Portal (http://www.indiana.edu/~gisdata/).  They are at a  
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Figure 3.1. Ohio River from approximately Madison to Tell City, Indiana.  The white rectangle shows 
Rosewood Bottom.  CIR aerial photos are from IndianaMap, downloaded from the Indiana Spatial Data 
Portial. 
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resolution fine enough to identify minute topographic variation.  DEMs were altered to 1) isolate 
the Ohio floodplain from the uplands, 2) account for downstream slope changes, and 3) remove 
the Wisconsin-age terrace.  The Python code used is found in Appendix A-1. 
The DEMs were cropped so that they only included Ohio floodplain surfaces, which were 
identified with the aid of 2005 IndianaMap Color Infrared aerial photos (downloaded from the 
Indiana Spatial Data Portal).  For each DEM (i), the river distance d from each pixel to a control 
point upstream of the study location was calculated, using stream data collected by the U.S. 
Geological Survey and downloaded from the National Atlas of the United States 
(http://www.nationalatlas.gov).  Minimum and maximum values of d were found for each DEM 
(dMIN and dMAX, respectively).  The average elevations of pixels falling within dMIN and dMAX (xMIN 
and xMAX) were used to calculate a floodplain slope si: 
        (3.1) 
Each pixel value (xp) was then adjusted according to the slope to create an adjusted 
elevation: 
        (3.2) 
This creates a floodplain that is adjusted to the level of the control point. 
The Wisconsin-age terrace is found at an elevation of 450 ft amsl in Harrison County 
(Stafford 2004).  This value was adjusted, using si, to estimate a terrace elevation for the control 38 
 
 
point of 463 ft.  Each pixel above this value in the adjusted DEMs was cropped out.  Finally, the 
DEMs were mosaiced together. 
3.3.2.   Swale and age classification 
Swale classification and characterization were done individually for each bottom in the 
analysis area (Figure 3.1; see Appendix  A-1).  For each bottom, the mean elevation was 
calculated from the adjusted DEM.  Pixels whose values were above the mean were 
characterized as ridges, and those below were classified as swales.  After this initial division, the 
swales on many bottoms were not apparent.  In particular, there were many regions where the 
deposits closest to the river are much lower than the distal floodplain, so that the model 
essentially divided the floodplain into early and more recent sections (Figure 3.2c).  To account 
for this, the initial ridges and swales were divided again, using their mean elevations.  This 
helped express ridge-swale topography on bottoms where the initial division did not, but over-
divided landforms in sections where the elevation did not change much with relation to the 
channel (Figure 3.2).  It should be reiterated that the goal of the model is to identify changes in 
floodplain structure over different regions, not to accurately characterize swale attributes. 
The floodplain was next divided into sections by age using Stafford’s (2004)  soil-
geomorphic model, which states that Alfisols have formed on sediments that stabilized in the 
Early-Middle Holocene (10,000-3,000 rcybp), while younger deposits (<3,000 rcybp) will be 
classified as Mollisols.  Soil data was obtained from the USDA-NRCS Soil Survey Geographic 
(SURGGO) database.  Often, Mollisols will form on poorly drained swales in Early Holocene 
sediment and adjacent to tributary streams.  In addition, other soil orders (Inceptisols, Entisols, 
and Ultisols) also occur on the floodplain  in post-settlement alluvium and beneath disturbed 39 
 
 
 
Figure 3.2. Ridge (green) and swale (blue) designations from the floodplain model after 1 (a 
and c) and 2 (b and d) ititerations.  a and b represent a bottom where a second ititeration 
introduced ‘false’ swales, while c and d are from a bottom where swales are only seen after 
the second iteration. 40 
 
 
surfaces.  Therefore, the Early-Late Holocene divide was estimated based on the position of the 
transition from primarily Alfisol to primarily Mollisol soil.  Portions of the floodplain that were 
heavily developed were excluded.  Miss-mapped soil series are known in the Ohio River Valley 
(as everywhere) and introduces a source of error. 
3.3.3.   Swale calculations 
Calculations of area, perimeter/area ratio, and maximum depth were calculated for each 
swale in each soil-age for every bottom (see Appendix A-1).  Area and the perimeter/area ratio 
will give an indication of swale size and how interconnected swales are.  These measures are 
sensitive to both pixel size and extent (O'Neill, et al. 1999).  The perimeter-area ratio is 
problematic because shapes with a variety of structures may have the same shape (Haines-Young 
and Chopping 1996).  However, since the pixel resolution is so fine and because it is assumed 
that swales do not extend beyond individual bottoms (the analysis extent for the model), issues of 
scale should have minimal effect.  Maximum swale depth is a function of both paleochannel 
depth in relation to its natural levees and the amount of backfilling that has occurred since 
channel migration. 
Calculated swale attributes were compiled into groups by geologic zone (Muscatatuck 
Regional Slope, Knobstone Escarpment, and Mitchell Plain/Crawford Upland).  The Scottsburg 
Lowland was excluded because the floodplain is completely urbanized.  The Knobstone 
Escarpment was further divided into individual bottoms.  Regions were compared using the 
Mann-Whitney test, a non-parametric statistical tool that assesses similarity between datasets, in 
SPSS. 41 
 
 
3.4.  Results 
3.4.1.   Regional reaches 
22 individual bottoms were mapped:  4 from the Muscatatuck Regional Slope, 3 within 
the Knobstone Escarpment, and 15 within the Mitchell Plain and Crawford Upland (Figure 3.3).  
Swales composed of only one pixel were removed.  The percentage of Early and Late Holocene 
sediments in individual bottoms was varied (Figure  3.4).  Grouped by region, however, the 
percentage of Early Holocene sediment increases downstream.  The Muscatatuck Regional Slope 
contains 69% Early Holocene sediment, the Knobstone Escarpment 77%, and the Mitchell 
Plain/Crawford Upland 82%. 
   
 
Figure 3.3. Early (pink) and Late (green) Holocene floodplain, based on soil order 42 
 
 
 
Taken as a whole, the regional floodplains do not differ significantly in terms of area or 
depth  (Table 3.1).  The Mitchell Plain/Crawford Uplands do have a significantly different 
perimeter/area ratio than the Muscatatuck and Knobstone sections, indicating that the swale 
shape complexity changes when the floodplain is less constricted.  Interestingly, this difference 
appears to be a result of Early Holocene floodplain structure; there are no significant differences 
between Late Holocene perimeter/area ratios between any of the regions. 
Significant differences between Early and Late Holocene swale structure were found 
within all three regions (Table 3.1).  The perimeter/area ratio was different for all three 
 
Figure  3.4.  Percentage of Early Holocene sediment in bottom.  Red = Muscatatuck 
Regional Slope, Blue = Knobstone Escarpment, and Green = Mitchell Plain/Crawford 
Upland. 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
1  2  3  4  5  6  7  8  9  10 11 12 13 14 15 16 17 18 19 20 21 22 
%
 
E
a
r
l
y
 
H
o
l
o
c
e
n
e
 
s
e
d
i
m
e
n
t
 43 
 
 
floodplains.  Late Holocene swales have a lower overall ratio, indicating that their shapes are 
simpler.  The majority of swales on the Late Holocene floodplain are offshoots of complex-  
Table 3.1. Mann-Whitney test results for geologic zones for the Early and Late Holocene.  M = 
Muscatatuck Regional Slope, K = Knobstone Escarpment, and C = Mitchell Plain/Crawford 
Upland.  H0:  There is no significant difference between swale characteristics for the two 
datasets.  Datasets that are significantly different at the 95% confidence level are highlighted. 
a.  Area 
                 
   M 
M 
Early 
M 
Late  K 
K 
Early 
K 
Late  C 
C 
Early 
C 
Late 
M  -  -  -  0.808  -  -  0.213  -  - 
M Early 
 
-  0.00  -  0.583  -  -  0.049  - 
M Late 
   
-  -  -  0.035  -  -  0.207 
K 
     
-  -  -  0.073  -  - 
K Early 
       
-  0.256  -  0.152  - 
K Late 
         
-  -  -  0.163 
C 
           
-  -  - 
C Early 
             
-  0.007 
C Late                          - 
                    b.  PA Ratio 
             
   M 
M 
Early 
M 
Late  K 
K 
Early 
K 
Late  C 
C 
Early 
C 
Late 
M  -  -  -  0.937  -  -  0.031  -  - 
M Early 
 
-  0.00  -  0.724  -  -  0.010  - 
M Late 
   
-  -  -  0.058  -  -  0.485 
K 
     
-  -  -  0.023  -  - 
K Early 
       
-  0.048  -  0.048  - 
K Late 
         
-  -  -  0.097 
C 
           
-  -  - 
C Early 
             
-  0.00 
C Late                          - 
                       44 
 
 
Table 3.1 (continued) 
              c.  Depth 
                 
   M 
M 
Early 
M 
Late  K 
K 
Early 
K 
Late  C 
C 
Early 
C 
Late 
M  -  -  -  0.148  -  -  0.305  -  - 
M Early 
 
-  0.083  -  0.081  -  -  0.663  - 
M Late 
   
-  -  -  0.659  -  -  0.140 
K 
     
-  -  -  0.682  -  - 
K Early 
       
-  0.047  -  0.219  - 
K Late 
         
-  -  -  0.315 
C 
           
-  -  - 
C Early 
             
-  0.648 
C Late                          - 
 
shaped Early Holocene swales, and this is likely the cause of the difference.  Late Holocene 
swale areas were also larger within the Muscatatuck and Mitchell Plain regions, possibly because 
of the lack of small swales in their narrow floodplain areas.  The only significant difference in 
depth occurred between Early and Late Holocene surfaces in the Knobstone region. 
3.4.2.   The Knobstone Escarpment 
Few significant differences are found between bottoms within the Knobstone Escarpment 
(Table 3.2).  The areas of all three bottoms are statistically similar.  Early and Late Holocene 
perimeter/area ratios and depths vary in Rosewood bottom, but nowhere else; although the 
perimeter/area ratios of Rosewood and the bottom upstream are significantly different. 
3.5.  Discussion and conclusions 
Relief is an important indicator of soil drainage.  By dividing the Lower Ohio River 
floodplain into bottoms and identifying local  low-lying areas (swales), the model made an 
approximation of the structure of swampy environments.  The nature of these swales is  45 
 
 
Table 3.2. Mann-Whitney test results for Knobstone bottoms for the Early and Late Holocene.  
Rosewood Bottom is number 6.  H0:  There is no significant difference between swale 
characteristics for the two datasets.  Datasets that are significantly different at the 95% 
confidence level are highlighted. 
a.  Area 
                 
   5 
5 
Early 
5 
Late  6 
6 
Early 
6 
Late  7 
7 
Early 
7 
Late 
5  -  -  -  0.276  -  -  0.821  -  - 
5 Early 
 
-  0.600  -  0.575  -  -  0.792  - 
5 Late 
   
-  -  -  0.214  -  -  0.298 
6 
     
-  -  -  0.353  -  - 
6 Early 
       
-  0.130  -  0.929  - 
6 Late 
         
-  -  -  0.094 
7 
           
-  -  - 
7 Early 
             
-  0.333 
7 Late                          - 
                    b.  PA Ratio 
               
   5 
5 
Early 
5 
Late  6 
6 
Early 
6 
Late  7 
7 
Early 
7 
Late 
5  -  -  -  0.041  -  -  0.497  -  - 
5 Early 
 
-  0.146  -  0.087  -  -  0.185  - 
5 Late 
   
-  -  -  0.113  -  -  0.308 
6 
     
-  -  -  0.353  -  - 
6 Early 
       
-  0.042  -  0.976  - 
6 Late 
         
-  -  -  0.078 
7 
           
-  -  - 
7 Early 
             
-  0.423 
7 Late                          - 
                       46 
 
 
Table 3.2 (continued) 
          c.  Depth 
                 
   5 
5 
Early 
5 
Late  6 
6 
Early 
6 
Late  7 
7 
Early 
7 
Late 
5  -  -  -  0.352  -  -  0.709  -  - 
5 Early 
 
-  0.151  -  0.258  -  -  0.118  - 
5 Late 
   
-  -  -  0.964  -  -  0.108 
6 
     
-  -  -  0.504  -  - 
6 Early 
       
-  0.05  -  0.078  - 
6 Late 
         
-  -  -  0.108 
7 
           
-  -  - 
7 Early 
             
-  0.098 
7 Late                          - 
 
potentially dependent on the geologic context of the river valley and environmental conditions 
over time, both which affect the way the Ohio River deposits sediment.  The area, perimeter/area 
ratio, and depth of each swale were calculated to determine if these factors had a statistically 
significant effect on floodplain structure. 
The perimeter/area ratio appears to be the most sensitive indicator of bottom differences.  
Swales in the Mitchell Plain/Crawford Upland region are significantly different from those in the 
Muscatatuck and Knobstone reaches.  They tend to be aligned laterally in the narrower upstream 
reaches, whereas along the Crawford Upland, they are curvier and more connected.  Floodplain 
elevation of both ridges and swales decreases considerably as the sediment age decreases in the 
Crawford region; for most bottoms in this section, the first iteration of the model only divided 
the bottom in half, instead of into ridges and swales (see Figure 3.2).  This suggests that the 
channel has been downcutting, and that proximity to the channel may be a more important factor 
in terms of drainage than local relief.  By contrast, the Muscatatuck and Knobstone regions have 
more level floodplains. 47 
 
 
Furthermore, the downstream trend of decreasing Late Holocene sediment suggests that 
floodplain structure is influenced by drainage size as well as local geology.  This is supported by 
the fact that, at least in the Early Holocene, the Muscatatuck and Crawford reaches are 
significantly different from each other but not by the connecting Knobstone Escarpment, 
indicating a gradual change in basin structure. 
Differences in swale structure by age appear less robust than by geologic region.  The 
perimeter/area ratios between Early and Late Holocene swales are significantly different in all 
three regions, but they appear to be influenced more by the small size of Late Holocene bottoms 
than by variation in swale shape.  The differences in area by age for the Muscatatuck and 
Crawford Upland regions cannot be ignored.  However, the fact that the same trend is not seen 
within the Knobstone Escarpment may indicate that any difference is more of a local response.  
Indeed, the significant differences in swale characteristics by age in the Knobstone region are 
found only in Rosewood Bottom.  It is possible that variations in area in the other two regions 
are confined to a few bottoms as well.  If this were true, it would suggest that differences in 
swale characteristics between the Early and Late Holocene are largely local, autogenic 
adjustments. 
Brown and Vierra (1983) suggested that backwater/slackwater environments emerged in 
large river valleys throughout the Midwest during the Middle-Late Holocene and that the 
resources found in these aquatic environments contributed to Late Archaic hunter-gatherers’ 
preference for them.  Hajic (1990), using sub-surface sediment data, found that swampy 
environments were present throughout the Holocene.  This study appears to support the latter.  
Differences in Early-Late Holocene floodplain structure do appear, and these may well have 48 
 
 
expressed themselves in backwater/slackwater geometry.  However, the floodplain model did not 
produce evidence of the regionally synchronous changes that Brown and Vierra suggest.  It does 
however show that floodplain deposition changes in an upstream/downstream direction and that 
local geology is an important contributor to swale structure. 
It must be stressed that, as Hajic (1990) has shown, subsurface sediment data is vital to 
robustly reconstructing paleoenvironments.  This floodplain model provides a quick and cost-
effective means of obtaining a rough view of surface structure.  It does not take into account 
swale backfilling that occurred since deposition or erosion that may have erased earlier records, 
both of which will affect the nature of backwater areas through time.  Sediment data is needed to 
validate any surface interpretation.  This has been done for Rosewood Bottom and is addressed 
in the next chapter. 49 
 
 
 
 
 
CHAPTER 4: ROSEWOOD BOTTOM AND THE HARRISON COUNTY PALEOCHANNEL 
 
4.1.  Introduction 
Harrison County is an important region for prehistoric archaeology because biotic 
resources associated with the Ohio River in addition to the proximity of high-quality chert 
sources made it an attractive environment for Archaic hunters and gatherers.  Several 
excavations in the study area, including those at Longworth Gick (Collins 1979), Paddy’s West 
(Smith and Mocas 1995), and the Caesars Archaeological Complex (Stafford 2007) documented 
heavy exploitation of floodplain and nearby resources throughout the prehistoric period.   
Outcrops of medium-quality Muldraugh chert are found in the uplands adjacent to the Ohio in 
this region, and it is the most abundant chert used at these sites.  Inhabitants also utilized the 
high-quality Wyandotte chert, sourced near the Ohio in the western portion of Harrison County. 
Early Archaic occupations include the highly mobile Early Side Notched, Thebes/St. 
Charles, Kirk Corner Notched, and Kirk projectile point styles (Stafford 2004).  Interestingly, a 
secondary trash deposit at the Knob Creek site in the Caesars Archaeological Complex suggests 
an intensely occupied residential site, atypical of Early Archaic seasonal camps (Stafford 2007).  
A Middle-Late Archaic stratified shell midden at the Paddy’s West site (Smith and Mocas 1995) 
reveals that floodplain occupants heavily exploited flora and fauna on the floodplain and in the 
Ohio River itself. 50 
 
 
To put archaeological sites into their environmental context, it is important to understand 
the geomorphic processes that shape the landscape before and after artifacts are deposited.  In 
section 2.6, we learnt that soil and sediment analysis reveals much about a landscape’s evolution.  
Subsurface sediment data is vital to accurately identifying relic deposits and for dating landforms 
with a high temporal resolution.  Chapter 3 demonstrated that individual bottoms are configured 
differently.  Here, a detailed landscape reconstruction is created for Rosewood Bottom in eastern 
Harrison County, and a model of Holocene sedimentation is proposed for the Knobstone region. 
4.2.  Geomorphic setting 
4.2.1.   Harrison County 
Geomorphologic assessments along the Lower Ohio have been conducted as part of 
archaeological reconnaissance efforts (e.g. Boulding 1995a; Gray 1984; Stafford 2004). These 
studies were designed to establish landform ages and deposition types so that archaeologists 
could place sites in context and assess the buried site potential in other locations.  They provide 
useful information that describes the Ohio River’s location and its depositional regime in these 
local bottoms.  Detailed landscape reconstructions exist for Knob Creek Bottom near New 
Albany, Indiana (Scholl 2008; Stafford 2004)  and just downstream of Louisville, Kentucky 
(Gray 1984).  A reconstruction for the Ohio River as a whole is not available. 
The Knobstone Escarpment is underlain by limestone and Mississippian shale and 
reaches an elevation of over 900 ft (275 m) amsl (Powell 1970).  It is capped by about 1.5 m of 
red regolithic clay (Stafford and Cantin 2010).  Some common Holocene features are present on 
the floodplain throughout this reach.  As is typical in former glacial channels, fine-grained 
Holocene alluvium lay atop up to 30 m of Pleistocene coarse sand and gravel outwash deposits 51 
 
 
(Stafford 2004, 2007; Stafford and Cantin 2010).  An Early Holocene terrace is found 
consistently throughout the reach.  This landform stabilized late in the Pleistocene-Holocene 
transition about 8,000 years BP (Stafford 2005)  and appears to have remained virtually 
unchanged since then (Boulding 1995b).  A set of paleochannel swales that are well-defined over 
much of the narrow portion of the valley has been identified in recent geoarchaeology projects 
(Stafford and Cantin 2010; Figure 4.1).  Analysis suggests that the Ohio flowed in that location 
during the Early Holocene (Scholl 2008; Stafford 2004).  Ridges have formed as the Ohio 
migrated throughout the Holocene, although they are not always well-expressed on topographic 
maps, so they can be hard to discern (Boulding 1995b).  The latest ridge (the current natural 
levee) appears to have stabilized between 1,000-2,000 years ago (Stafford 2004, 2005).  
Tributaries also contribute to the morphology of individual bottoms; several have created 
meander belts and in places are incising the Ohio floodplain (Boulding 1995a; Stafford and 
Cantin 1992). 
Gray (1984) suggests that while this area does not have an extensive flood basin like 
other rivers, the same processes that form it are expressed in different ways.  Ridges on the 
floodplain, which originate as channel-side bars and lie sub-parallel to the channel, grow both 
laterally and in a downstream direction as floodwaters are channeled between them.  They act as 
crevasse splays, directing the flow though swales, which act as depositional centers for fine 
sediment. 52 
 
 
 
 
Figure 4.1. The Knobstone reach.  Dates are associated with the paleochannel.  
^Date is from Scholl (2008).  *Dates are from overbank material east of the 
paleochannel and give a minimum date for the stabilization of the ridge adjacent to 
the swale.  2005 Infrared photo downloaded from the Indiana Spatial Data Portal. 53 
 
 
4.2.2.   Rosewood Bottom 
Sub-surface coring investigations were concentrated in Rosewood Bottom, a 9.5 km long 
swath of  floodplain at the downstream end of the study reach, about 25 km southeast of 
Louisville, Kentucky (Figure 4.2).  The floodplain is roughly 1,000 m across at its widest point 
and is characterized by ridge and swale topography.  A series of colluvial/alluvial fans flank the 
bluffs in the upstream half of the reach.  A portion of the Wisconsin-age terrace is visible on the 
western end of the floodplain, at 444 ft (135 m) amsl.   Ridges and swales at Rosewood are 
indistinguishable at the upstream and downstream ends of the bottom, then separate in the central 
portion.  The surfaces at the downstream end have been stable for longer than at the top of the 
bottom, based on the soil associations.  The Early Holocene terrace reaches a maximum of 437 ft 
(133 m) amsl and makes up two ridges.  To the east of these is another ridge, with a maximum 
elevation of 433 ft (132 m).  The current natural levee lay at 430 ft (131 m) amsl.  A 
paleochannel swale, similar to others found in the Knobstone region, is between the Early 
Holocene ridges in the central portion of the floodplain and rests at 419 ft (128 m) amsl.   
Another large swale is found between the Wisconsin terrace and the westernmost Early 
Holocene terrace at a minimum elevation of about 424 ft (129 m) amsl.  Fourmile Creek, a low-
order tributary stream originating in the Knobstone Escarpment, is incised into the Ohio 
floodplain at 410 ft (125 m) amsl and flows yazoo-like along the paleochannel at the downstream 
half of the bottom, entering the Ohio at Rosewood’s lower end.  An additional unnamed tributary 
stream flows perpendicular to the floodplain at the northern end of the bottom, at an elevation of 
418 ft (127 m) amsl.  Rosewood Bottom is flanked on each end by confined sections where the 
floodplain is no more than 100 m wide.  Photos of Rosewood Bottom landforms are in Appendix 
F. 54 
 
 
 
 
Figure 4.2. Rosewood Bottom with soil orders and core locations.  Base map from the 
COE (1963); soil data downloaded from NCRS SSURGO, and DEM data from 
IndianaMap, downloaded from the Indiana Spatial Data Portal. 55 
 
 
4.3.  Methods 
4.3.1.   Field Procedure 
Cores were collected from Rosewood Bottom along a transect perpendicular to the 
modern channel during three field expeditions from June-November, 2011 using a Giddings 
Hydraulic soil probe (Figure 4.2).  The Giddings device pushes a 122 cm long, 6 cm diameter 
tube into the sediment and extracts an undisturbed core stored within a plastic sleeve.  Multiple 
tubes were taken, subsequently deeper, in each hole.  For sections where it was not possible to 
collect a solid core, a 5.1 cm diameter, ~130 cm long auger was used and four samples were 
bagged per extraction.  Every effort was made to core down to Pleistocene outwash deposits; in 
some cases this was not possible when the Holocene deposits were too sandy or too thick.  Cores 
ranged from 1.75-11.50 m deep. 
Additional cores from Rosewood Bottom and other sections of the study reach were 
collected in 2010 by the Indiana State University Archaeology and Quaternary Research 
Laboratory as part of a geoarchaeological assessment of buried site potential (Figure 4.1, Figure 
4.2; Stafford and Cantin 2010).  These cores were extracted with a Geoprobe, which returns 5 cm 
diameter, 150 cm long tubes.  Core depths ranged from 10.32-11.73 m below surface, and all 
except one reached outwash deposits. 
4.3.2.   Laboratory Procedure 
4.3.2.1.  Magnetic susceptibility 
All materials are magnetic, and the way each responds to a magnetic field can be useful 
for classifying the type of minerals present in environmental settings (Dearing 1994).  A 56 
 
 
magnetic susceptibility meter produces a weak magnetic field, and then measures the volume 
susceptibility (κ), or the ratio of magnetization to the strength of the field.  In soils, this will help 
detect highly magnetic substances, especially magnetite, and sometimes minerals with weaker 
signals, such as hematite and minerals containing Fe and Mn ions (Dearing 1994).  In a typical 
soil profile, A horizons will have a high relative susceptibility (Torrent, et al. 2010); thus 
magnetic susceptibility can be used to help identify buried soils. 
Magnetic susceptibility (κ) in SI (standard international) units for each core tube was 
measured at 10 cm intervals prior to splitting with a Bartington MS2 system hooked up to a 
MS2C core sensor.  The meter was set to a range of 1.  No corrections were made for density, so 
it is assumed that core density remained roughly constant.  Air readings were taken before and 
after measurement to control for signal drift. 
4.3.2.2.  Core descriptions 
Cores were split with a box cutter or Dremel tool, and soil/sediment color, texture, 
mottling, bedding, and ped coating structure were described using standard United States 
Department of Agriculture (USDA) soil terminology (Soil Survey Staff 1993).  Organic material 
was removed for radiocarbon dating by hand or with a tweezers and stored in a breathable cloth 
bag (see section 4.3.2.4).  Sub-samples were extracted from the cores at 5-40 cm intervals to be 
analyzed for grainsize (section 4.3.2.3). 
4.3.2.3.  Grainsize analysis 
Particle size analysis on sediment sub-samples was used in conjunction with the core 
descriptions to identify B horizons and characterize changes in deposition type.  Grainsize was 
measured with a CILAS 1064 laser particle size analyzer, which detects sediments up to 500 µm.  57 
 
 
An 820 nm-wavelength laser is directed at a thin slide filled with sample, and the degree to 
which it is diffracted is a function of particle size.  Sensors at the other end of the slide detect the 
intensity of light over space and divide this into the signal given off by individual grains.  The 
result is a particle-size distribution curve, from which values for clay (0-2 µm), silt (2-50 µm), 
and sand (>50 µm) were extracted. 
Sub-samples were collected from the cores at 20-40 cm intervals, or more frequently 
during transitional sections.  In all, 412 samples were analyzed.  Sample sizes were dependent on 
approximate particle size and generally ranged from 0.2-0.35 g.  Soil/sediment was air or oven 
dried, crushed, and then soaked overnight in a 0.5% sodium hexametaphosphate (HMP) solution.  
They were then sonicated for several minutes and wet-sieved at 250 µm.  Sand, silt, and clay 
percentages for the fine fraction were calculated using the particle size analyzer.  Samples were 
resonicated prior to counting, and two tests were done for each sample to ensure consistency. 
For samples where a significant amount of medium/coarse sand remained after sieving, a 
larger sub-sample was soaked in the HMP and sieved.  The fine and coarse fraction were oven-
dried and weighed, and the percentage of each was combined with the particle size analyzer data.  
For a more detailed account of the grainsize laboratory procedure, see Appendix C. 
4.3.2.4.  Radiocarbon dating 
Organic carbon extracted from the cores was cleaned with distilled water in a sonic bath, 
weighed, and sent to Beta Analytic, Inc. in Miami, FL for analysis.  Samples were pretreated and 
14C content was measured using AMS (accelerated mass spectrometry).  Since 
14C production 
levels vary over time (Damon, et al. 1978), the radiocarbon age does not reflect calendar age.  
Calibration methods are available, but there are complications where a radiocarbon level can 58 
 
 
have multiple possible calendar ages, due to higher 
14C production levels in the past (Blackwell, 
et al. 2006).  Therefore, dates for this study are not calibrated and are given as radiocarbon years 
before present (rcybp).  Reports from Beta Analytic are found in Appendix D. 
4.4.  Results 
4.4.1.   Landform sediment assemblages 
Deposition type was determined based on sedimentology, soil development, and 
radiocarbon dates (see section 3.4.1).  Bars/ridges are formed from complex and variable 
combinations of channel bed material, high energy deposition, and low-energy deposition of 
suspended sediment (Brierley 1991).  Radiocarbon dates, where possible, and soil order were 
used to divide these deposits into landform sediment assemblages (LSAs; Bettis 1992) based on 
age and depositional origin.  Table 4.1 gives a summary description of each LSA, and Figure 4.3 
shows the distribution of the LSAs over Rosewood Bottom.  Table 4.2 lists the radiocarbon 
dating results.  Soil/sediment descriptions, magnetic susceptibility readings, and grainsize data 
for each core are found in Appendix B. 
4.4.1.1.  Unit 1:  Post-settlement alluvium 
Unit 1 (Figure 4.4a) is found on the current natural levee (core RB06), in the swale 
nearest to the current Ohio River channel (core RB01/DK12), the paleochannel swale (DK10), 
and atop the high surface adjacent to Fourmile Creek (RB05).  It is recognizable as a 10-100 cm 
thick spike of coarse sediment at the top of the profile, overlying finer slackwater and overbank 
sediments.  These deposits are composed of dark brown or very dark grayish brown silt loam and 
occur in A horizons with faint to absent mottling.  They have generally high magnetic 
susceptibility signatures that can exceed 200 SI units, greater than the A horizons of surfaces  
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Table 4.1. Landform sediment assemblage unit descriptions 
Unit  Type  Color  Mottling  Texture  Bedding 
Magnetic 
susceptibility C 
horizon* 
1 
Post-settlement 
alluvium  10YR4/3, 10YR3/2, 10YR3/3  none-faint fine  silt loam  massive 
6-271; average 
107; often >200 at 
top of deposit 
2  Slackwater deposits 
10YR4/3, 10YR4/4, 10YR3/4, 
10YR3/3, 10YR4/3, 10YR5/6, 
7.5YR4/4; gleyed: gley 1 4/10Y, 
10YR4/2, 10YR4/3 
distinct-prominent oxidation 
mottling (10YR5/3, 10YR5/2, 
10YR7/2, 2.5YR3/2, 7.5YR6/4, 
7.5YR5/6, 7.5YR4/4, 
7.5YR4/6, 5YR4/6; E Horizon 
2.5Y5/2)  and Mn 
accumulations 
very fine silt 
loam-silt; <10% 
sand  massive  9-98; average 36 
3a 
Late Holocene 
overbank deposits  10YR3/2, 10YR4/3, 10YR4/4 
none to faint fine Mn 
accumulations  silt loam  massive 
14-108; average 
66 
3b 
Late Holocene 
channel fill  10YR4/3, 10YR4/4  none to faint fine  silt loam 
laminae/medium 
beds  26-67; average 53 
4a 
Early Holocene 
overbank deposits 
10YR3/3, 10YR4/4, 10YR4/3; 
gley 10YR4/1, gley 1 4/10Y 
none to faint; prominent 
oxidation mottling in gley  silt loam  massive  8-128; average 56 
4b 
Early Holocene 
channel fill 
10YR4/3; 10YR4/4, 10YR4/2; 
sandy laminae:  2.5Y5/3; 
2.5Y3/2; gley:  10YR3/2, gley 1 
3/10Y 
none to faint; prominent-distinct 
oxidation mottling in gley 
silt/silt 
loam/loam/sandy 
loam/sand 
medium-thick 
beds or 
laminae/thin 
beds 
13-201; average 
43 
5 
Tributary 
overbank/colluvial 
material  10YR5/4, 10YR4/4, 10YR4/3 
faint, fine oxidation mottles and 
common Mn accumulations  silt loam/silt 
massive with 
occasional 
small-medium 
pebbles  42-65; average 55 
6 
Pleistocene channel 
fill 
sandy matrix:  10YR2/1 or  
oxidized  none 
coarse sand, 
often with fine-
medium gravel  N/A 
38-453; average 
133 
              *A horizon for unit 1 
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Figure 4.3. Cross-section of deposits in Rosewood Bottom, with locations of radiocarbon dates  
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Table 4.2. Radiocarbon ages.  Pretreatment was done using the acid/alkali/acid method. 
Beta 
No.  Sample No.  Core 
Depth 
(cmbs)  Unit 
Measured Age 
(rycbp)  13C/12C 
Conventional Age 
(rycbp) 
319874  carT170  T170
†  55  2   2220 ± 30  -27.6 o/oo   2180 +/- 30 
319873  carDK10.8.5  DK10  1075  4b   6400  ± 40  -29.7 o/oo   6320 +/- 40 
317941  carRB07.2.1  RB07  242  4a     NA  -24.4 o/oo  > 43500* 
317940  carRB06.3.1  RB06  325  3a   4040  ± 30  -24.3 o/oo   4050 +/- 30 
317939  carRB04.7.1  RB04  640  4b   105.8  ± 0.3 pMC  -12.7 o/oo   103.2 +/- 0.3 pMC* 
317938  carRB03.5.1  RB03  370  2   3840  ± 30  -26.6 o/oo   3810 +/- 30 
317936  carDK08.2.1  DK08  185  2   3230  ± 30  -24.9 o/oo   3230 +/- 30 
305236  carDK10.6.2  DK10  828  4b   6340  ± 40  -25.6 o/oo   6330 +/- 40 
305235  carDK01.7.21  DK01  996  4b   7120  ± 40  -27.2 o/oo   7080 +/- 40 
*Interpreted as contaminated sample 
        †From Trench 170 (Stafford and Cantin, 2010) 
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Figure 4.4. Core photos showing units.  a. Unit 1 (RB06); b. Unit 2 
(DK10); c. Unit 3a (RB06); d. Unit 3b (RB06); e. Unit 4a (RB09); f. 
Unit 4b laminae (DK10) and medium beds (RB09); g. Unit 5 (RB10); 
and h. Unit 6 (DK10). 63 
 
 
without the cap.  The deposit is thickest (100 cm) on the current natural levee, and forms a thin 
(10 cm) cap in the paleochannel swale and on the floodplain of Fourmile Creek. 
Unit 1 is interpreted as alluvium eroded from the uplands following deforestation about 
200 years ago because of its occurrence proximal to the current channels and on low swale 
surfaces.  It has a similar color and texture to historic floodplain deposits upstream of Rosewood 
Bottom (Stafford 2004; Stafford and Creasman 2002) and is sandier than Holocene-age overbank 
deposits.  In addition, Unit 1 sediments are distinctive for their high magnetic susceptibility.  
Soils near heavy industrial sites such as coal and iron mines are shown to have significantly 
higher magnetic susceptibilities, reflecting iron pollutants (Schmidt, et al. 2005).  Excess iron 
levels have been found in Ohio River sediments upstream of the study site as the result of coal 
mining and iron and steel factories (Youger and Mitsch 1989). 
4.4.1.2.  Unit 2:  Backwater/slackwater deposits 
Unit 2 (Figure 4.4b) is a thick (up to 8 m) massive dark brown, dark yellowish brown, or 
yellowish brown deposit found in swales (RB10, DK10, RB04/RB08, DK11/RB03, and 
DK12/RB01) and at the northern end of the bottom (DK08), directly beneath the surface or under 
a thin veneer of Unit 1 material.  Alfisols develop in it in all cores except RB01, which contains 
a Mollisol.  Unit 2 is composed of very fine silt loam or silt, with 80-90% silt and less than 10% 
sand.  It is heavily weathered, with manganese accumulations, distinct-prominent light grey, 
grayish brown, or brown mottles and/or dark reddish brown, yellowish red, brown, light brown, 
or strong brown oxidation mottles.  It is sometimes gleyed, with a dark grayish brown, dark 
brown, or dark greenish grey color.  Its magnetic susceptibility is low compared to most other 
units, averaging 33 SI units but ranging from 9-36 SI.  It was dated at 3,230 ± 30 rcybp at 185 64 
 
 
cmbs at the top of Rosewood Bottom, just east of the paleochannel (core DK08),  and at 3800 ± 
30 rcybp at the bottom of the unit in RB03 (see discussion in section 4.4.1.5; Table 4.2). 
Because of its fine grainsize and occurrence in swales but absence on ridges, Unit 2 is 
interpreted as backwater/slackwater sediments that were deposited on far areas of the floodplain 
during flood events.  The radiocarbon date from the bottom of the unit in core RB03 suggests 
that it has been forming primarily since the Late Holocene. 
4.4.1.3.  Unit 3a:  Late Holocene overbank deposits 
Unit 3a (Figure 4.4c) was recovered exclusively from the current natural levee (RB06), 
directly under Unit 1.  It is about 9.5 m thick and is a massive dark brown, dark yellowish brown, 
or very dark grayish brown silt loam with no mottles but fine manganese accumulations.  It has 
the highest average magnetic susceptibility signal of all Holocene units, excluding post-
settlement alluvium (66 SI units, range is 14-108 units).  A radiocarbon date of 4,050 ± 30 rcybp 
was recovered at 325 cmbs.  Unit 3a is interpreted as Late Holocene overbank material. 
4.4.1.4.  Unit 3b:  Late Holocene channel fill 
Unit 3b (Figure 4.4d) was also found on the current natural levee (core RB06) only.  It is 
a brown to dark yellowish brown silt loam with no to faint fine mottling and an average magnetic 
susceptibility of 53 SI units (range is 26-67 SI).  It is distinguishable from Unit 3a by laminae 
and medium beds, suggesting it represents channel fill in a higher energy environment where 
bioturbation would not take place to disrupt the bedding.  Unit 3b is thicker than 1 m. 65 
 
 
4.4.1.5.  Unit 4a:  Early Holocene overbank deposits 
Unit 4a (Figure 4.4e) was identified as an up to 6.5 m thick deposit on the surface of two 
ridges (RB09/RB04/RB08 and RB02) and as a thin (~1 m) veneer below Unit 2 in and adjacent 
to the paleochannel swale (DK08 and DK10) and on the westernmost Early Holocene terrace 
ridge (RB09).  It is a massive brown, dark grayish brown, yellowish brown, or dark yellowish 
brown silt loam.  When gleyed, it is very dark grayish brown or dark greenish grey.  Unit 4a 
exhibits faint to no mottling under aerobic conditions but has prominent oxidation mottles when 
gleyed.  Its average magnetic susceptibility is 56 SI units, with a range of 8-128 SI.  Organic 
carbon from the top of the unit in a swale (RB03) was dated at 3,800 ± 30 rcybp.  However, in-
situ diagnostic Archaic projectile points were recovered on the RB02 and RB09 ridges from sites 
12Hr568 and 12Hr107 on the middle portion of the Rosewood Bottom (Arthur 2001).  A St. 
Charles point (Early Archaic, 10,000-8,000 rcybp) was excavated from a trench 170 cm below 
the surface of the ridge corresponding to RB02, and a Kirk point (Early Archaic, 9,500-8,900 
rcybp) was found 40 cmbs on the RB09 ridge.  It is possible that backwater flood sedimentation 
(Unit 2) is sandier at the bottom of the unit, making it appear similar to overbank material.  This 
would explain the dating discrepancy. 
Unit 4a is interpreted as Early Holocene overbank deposits.  It is similar to Unit 3a, but is 
dated to the Early Holocene (based on the diagnostic artifacts and highly-weathered Alfisol soil 
orders) and lay farther from the current channel. 
4.4.1.6.  Unit 4b:  Early Holocene channel fill 
Unit 4b (Figure 4.4f) lay directly below 4a in cores RB07, DK08, RB02, DK11, RB09, 
RB04 and DK10 and is below Unit 2 in the swales RB10 and DK12.  It is up to 6.5 m thick and 66 
 
 
has either medium and thick beds or laminae and thin beds of silt, silt loam, loam, sandy loam 
and/or sand.  Like Unit 4a, prominent-distinctive mottling only appears in gleyed environments.  
Unit 4b is dark brown, dark grayish brown, or dark yellowish brown, and very dark grayish 
brown or dark greenish grey in gley.  It has an average magnetic susceptibility of 43 SI units, 
with a range of 13-201 SI.  Two radiocarbon dates, recovered from DK10 at depths of 828 and 
1075 cmbs had dates of 6,330 ± 40 and 6,320 ± 40 rcybp, respectively.  Two additional dates 
from this unit were discarded.  A charred wood sample at 245 cmbs from RB07 did not have 
enough 
14C to measure, making it over 43,000 years old.  This is interpreted as a coal 
contaminated sample.  A piece of wood was recovered at 640 cmbs from RB04 and had a value 
of 103.2 ± .3 pMC (percent modern carbon), indicating that it is modern.  It was recovered from 
an augered sample, making the potential for contamination high. 
Unit 4b is interpreted as Early Holocene channel fill.  The two dates from DK10 are 
within error of each other, and show that the deposits form quite quickly, as would be expected 
for channel environments that are constantly in flux.  Alexander and Nunnally (1972) show that 
in-channel point bars form quite quickly; it is inferred that Unit 4b represents the state of the bed 
when the channel moved away from that location. 
4.4.1.7.  Unit 5:  Tributary overbank/colluvial material 
Unit 5 (Figure 4.4g) is a 7 m thick dark brown, dark yellowish brown, or yellowish 
brown deposit exclusively in core RB05.  It is under a thin (20 cm) veneer of post-settlement 
alluvium and lay adjacent to Fourmile Creek on the Wisconsin-age terrace at the western end of 
the bottom.  It is a massive silt loam or silt with occasional deposits of small-medium pebbles.  
The sediment has faint to distinct oxidation mottles and common manganese accumulations.  Its 67 
 
 
magnetic susceptibility ranges from 26-98 SI units, with an average of 51 SI.  It is considered 
Pleistocene-age because it is beneath the Wisconsin terrace. 
Unit 5 is interpreted as primarily overbank deposits from tributary streams.  The pebble 
deposits and historic sediment are inferred as colluvial material from the adjacent bluffs. 
4.4.1.8.  Unit 6:  Pleistocene outwash 
Unit 6b (Figure 4.4h) was found at the bottom of cores RB05, RB10, RB07, DK10, 
RB04, DK11, and RB02.  It lay as high as 127 m amsl and, according to research in Knob Creek 
Bottom, is up to 30 m thick (Stafford and Cantin 2010).  It is black or oxidized coarse sand and 
fine-medium gravel.  Its magnetic susceptibility is very variable, ranging from 38-453 SI units, 
and averaging 133 SI.  Unit 6b is interpreted as Pleistocene-age glacial outwash channel fill and 
bars. 
4.4.2.   Paleochannel cores 
Four cores were taken from (DK01, DK07, and DK10) and adjacent to (DK08) the 
paleochannel swale in different bottoms to characterize the channel  (Figure 4.1).  DK01 is 
located near Middle Creek just downstream of New Albany, Indiana.  Here, the paleochannel is 
near the bluff line, and alluvial fan deposits are interfingered with Ohio River alluvium.  DK07 
was extracted near Sugar Grove, about 8 km upstream of Rosewood Bottom.  DK08 lay on the 
upstream end of Rosewood Bottom, where the ridges and swales merge.  It lay on a ridge just 
east of the paleochannel and south of a minor tributary stream.  DK10 was extracted near the 
middle of the paleochannel in the central portion of Rosewood Bottom. 68 
 
 
The cores in the channel all contained laminated, thinly bedded, and gleyed pale brown, 
strong brown, dark grey, dark greenish grey, dark grayish brown, or very dark grayish brown 
silt-silt loam point bar deposits (Unit 4b).  The bottom 20 cm of DK08 were likely point bar 
material as well; they were over 10% sandier than the overlying sediments.  In DK08, the bar 
was overlain by 6 m of overbank sediments (Unit 4a).  In DK10, this deposit was 1 m thick.  
Lateral accretion sediments appear to be absent from DK07.   They may be present in DK01, 
although inputs from an adjacent alluvial fan complicate the stratigraphy.  The three cores within 
the paleochannel contain several meters of backwater/slackwater deposits; in DK07 they are 
nearly 10 m thick.  Cores DK01 and DK10 have a 10 cm cap of historic sediment, and in DK07 
it is 50 cm thick.  A 420 cm thick fine silt loam lay atop Unit 4a in core 8; it is interpreted as 
tributary overbank deposits because of its proximity to a tributary stream.  The paleochannel was 
abandoned at different points in each bottom; dates from near the top of point bar sediments in 
Rosewood Bottom (DK10) and Middle Creek (DK01) give dates of 6,330 ± 40 and 7,120 ± 40 
rcybp, respectively (Figure 4.1). 
4.5.  Discussion and conclusions 
The distribution of LSAs reveal a complex history of Ohio River sedimentation in 
Rosewood Bottom (Figures 4.3, 4.5).  Assuming the Ohio migrated west to east, the Kirk and St. 
Charles points found within the two ridges east of the paleochannel reveal that the Early 
Holocene surfaces (Unit 4a) were deposited before 8,000 rcybp.  The channel would have 
reached its current location between 8,000 and 4,050 rcybp.  Since the date on the current levee 
is near the top of the overbank deposit, it is likely that the river arrived closer to 8,000 rcybp.  
This is consistent with its migration at Knob Creek Bottom, where it has been in its current 69 
 
 
 
Figure 4.5. Rosewood Bottom surface map with units.  2005 aerial photo was downloaded 
from the Indiana Spatial Data Portal; hillshade and contour lines were developed from DEM 
data, downloaded from the Indiana Spatial Data Portal. 70 
 
 
location since about 7,500 rcybp (Stafford 2004), and similar to the Villier Site, just above 
Rosewood Bottom on the Kentucky side of the floodplain, where Middle Archaic (Indian Knoll) 
diagnostic artifacts are found at the bottom of a Midden at about 1.5 m below the surface 
(Collins 1979). 
Dates from the paleochannel at Rosewood Bottom and within Middle/Knob Creek are 
younger than or similar to the origination date of the current natural levee (Figure 4.1).  At Knob 
Creek, it dates to 7,360 ± 50 rcybp (Scholl 2008).  At Rosewood, date of the paleochannel (6,330 
± 40 rcybp) is younger than more easterly ridges (RB09 and RB02) by several thousand years.  
The most likely explanation is that the Ohio flowed in multiple channels and that the 
paleochannel was a secondary branch of the stream; in other words, it was an anabranching 
channel.  In the Middle and Knob Creek areas (core DK01), the paleochannel was abandoned 
shortly after the Ohio reached its current location, while in Rosewood, it was active until nearly 
6,000 rcybp.  Here, the channel appears to have pivoted from the top of the bottom, rather than 
migrating at the same lateral rate over the whole floodplain, explaining why the upper end of the 
bottom (DK08) yielded a younger date than downstream.  The swale on the western end of the 
bottom (Core RB10) may also have been active at the same time, although there are no dates to 
confirm this. 
The structure of the floodplain at Rosewood Bottom appears to be strongly influenced by 
the underlying Pleistocene outwash (Unit 6).  All Early Holocene ridges rest upon the crests of 
former braid bars (Figure  4.3).  Fraser (1986)  noted a similar phenomenon on the broad 
floodplain downstream of Evansville, IN, about 275 river km downstream of Rosewood.  Wide 
bars on the floodplain were underlain by elevated portions of Pleistocene gravel that reached 71 
 
 
about 101 m, while the outwash beneath the ‘classic’ narrow ridges that originated as scroll bars 
only reached 98 m.  Through a study of the bathymetry of the modern channel, Fraser created a 
model of island formation where shoals develop from Pleistocene gravel that the modern channel 
is not competent to transport.  As sediment accumulates, these become islands.  Over time, the 
thalweg of the channel will shift to the other side of the island, and as the channel migrates away 
from the island, it will be incorporated into the floodplain on the opposite side. 
The Early Holocene ridges in Rosewood Bottom, especially the portion of the Early 
Holocene terrace just west of the paleochannel swale, are wider than the Late Holocene ones.  In 
addition, the ridges do not extend across the whole bottom; rather, they are well expressed over 
the central portion of the valley and peter out up and downstream (Figure 4.5).  These ridges 
most likely originated as islands that became attached to the floodplain as the Ohio migrated 
eastward during the Early Holocene.  This would explain why the channel appears to have 
pivoted from the neck of the bottom rather than migrating at a constant rate.  A similar ~2.5 km 
long ridge is found in Knob Creek Bottom just downstream of where the creek enters the valley.  
While no deep subsurface data is available for this ridge, a gravel quarry sits atop it, suggesting 
that outwash material may be elevated here as well.  The Ohio may have been able to migrate 
rapidly during the Early Holocene by using low portions of the outwash channel as ‘starters’ for 
beds. 
Little floodplain construction via lateral migration has occurred since the Early Holocene.  
After swales were abandoned by the channel, they were filled with fine-grained overbank 
sediment.  The date of 3,810 ± 30 rcybp from the bottom of Unit 2 from a swale between two 
Early Holocene ridges (core RB03) reveals that backfilling was largely a Late Holocene 72 
 
 
phenomenon.  The young date 190 cm into backwater/slackwater deposits (Unit 2) in the 
paleochannel, combined with historic sediment found at its surface, confirm that, at least in 
Rosewood Bottom, it has not stabilized.  This is probably also true farther upstream, where the 
date from the trench near core DK07 gives a Late Holocene date well below the surface (Table 
4.2).  Hajic (1990) noted flood basin filling along the Illinois River Valley from around 8,500 BP 
intermittently until the settlement period. 
Basin infilling within Rosewood Bottom supports Gray’s (1984) model of ridges acting 
as crevasse splays, directing sediment through the swales.  However, unlike at the Longworth 
Gick/Villier  (Gray 1984)  and Caesars (Stafford 2004)  sites, ridges do not appear to grow 
laterally downstream.  In fact, the ridges in Rosewood Bottom seem to increase in age at their 
lower ends.  The ridges Gray (1984)  described originated as Holocene channel bars, and 
developed through a different process than the accreted islands explained by Fraser (1986).  
Therefore, they could be expected to have different morphologies.  It must be recognized, then, 
that while the morphology of ridge-and-swale floodplains appear straightforward, the subsurface 
data can be more complex than is suggested by surface structure. 
The landscape evolution model at Rosewood Bottom, combined with sediment data from 
other bottoms in the Knobstone region, suggest that the Ohio River floodplain was very active in 
the Early Holocene.  The river migrated rapidly and had multiple channels, suggesting that it was 
anabranching during this time.  The abandonment of secondary channels occurred at different 
times in each bottom.  Since before the Late Archaic, the primary means of floodplain 
sedimentation has been through fine-grained backwater/slackwater accumulation in swales, 
rather than by lateral accretion. 73 
 
 
 
 
 
CHAPTER 5: SEDIMENTATION RATES AT THE CAESARS ARCHAEOLOGICAL 
PROJECT 
5.1.  Introduction 
In Chapter 4, it was established that the Ohio River was dynamic in the Early Holocene, 
and that, at Rosewood Bottom, it migrated more in the Early Holocene than in the Late 
Holocene.  Sedimentation rates can also be used to examine differences in river behavior over 
time.  Over 80 radiocarbon dates in Knob Creek bottom (Figure 3.1) were generated as part of 
the Caesars Archaeological Project (Stafford 2007).  The survey encompassed four sites, three of 
which were incorporated into Ohio River alluvium.  The James Farnsley site (12Hr520) and 
Townsend site (12Hr481) are both on the Early Holocene terrace, while the Knob Creek site 
(12Hr484) lay on the western portion of the current natural levee.  The large quantity of 
radiocarbon dates available for Ohio overbank deposits allows robust measures of sedimentation 
rates for the Early and Late Holocene for this bottom. 
5.2.  Calculation methods 
Ohio River alluvium at the site was divided into Early and Late Holocene point bar and 
overbank deposits (Stafford 2004, 2007).  Radiocarbon dates for this analysis were divided by 
site and by these geologic units.  Only dates of features listed by depth below datum (bd) were 
used.  They are listed in Appendix E.  The Townsend site (HR481) was excluded because it lay 
on a slope, complicating sample depths.  For each site, sedimentation rates were calculated using 74 
 
 
a linear age/depth model.  The Knob Creek site contains  four excavation blocks, and 
sedimentation rates were calculated for each individually, since it has been suggested that bars 
grow laterally in this region (Gray 1984). 
Table 5.1. Sedimentation rates at the Caesars Archaeological Project 
Site 
CAP 
Geomorphic 
Unit 
Mean 
age 
Depth 
range 
(m bd) 
Number 
of dates 
Sed. Rate 
(cm/yr)  r
2 
12Hr520  3a  9115.00 
1.70-
4.10  10  0.13  0.66 
12Hr520  3b  9720.00 
4.30-
6.61  4  -0.16  0.11* 
12Hr484, 100 
Block  2a  2758.33 
0.53-
1.01  6  0.01  0.51* 
12Hr484, 200 
Block  2a  3919.63 
0.65-
2.30  8  0.04  0.81 
12Hr484, 300 
Block  2a  4756.67 
0.81-
2.65  6  0.04  0.97 
12Hr484, 400 
Block  2a  4820.00 
0.53-
2.84  6  0.05  0.94 
*Correlation between age and depth is not significant at the 95% confidence level, so the 
sedimentation rate was not used for further analysis. 
 
5.3.  Results, Discussion, and Conclusion 
Out of the 86 dates recovered from the Caesars site, 40 were found suitable for analysis 
(Appendix E).  Table 5.1 shows the sedimentation rates for each site/block.  Overbank sediments 
underlying the Early Holocene Terrace at the James Farnsley site had the highest sedimentation 
rate, at .13 cm/yr.  The correlation between age and depth at the Knob Creek site 100 Block was 
not significant at the 95% confidence level, so the sedimentation rate is not reliable.  However, 
rates for the other blocks on the current levee were significant and consistent, ranging from 0.04-
0.05 cm/yr. 75 
 
 
Dates for Ohio River point bar alluvium were only available at the James Farnsley site, 
beneath the ridge underlying the Early Holocene Terrace.  Ages ranged from 9,490-10,010 
rcybp, but with an r value of only 0.33, they did not correlate with depth at the 95% confidence 
level.  The two dates of Early Holocene point bar sediments from Rosewood Bottom, taken from 
the same core, are within error of each other (Table 4.2), showing that point bar deposits develop 
instantaneously when considered on a millennial timescale.  Organic material from the oldest 
date  at the James Farnsley site may have originated from an old wood source (Schroeder, 2007). 
A robust relationship between landform age and overbank sedimentation rate was not 
found.  The sedimentation rate correlates significantly with the mean age of the deposits (r
2 
=0.98; p=0.004), but it also has a strong relationship (r
2 =0.97; p=0.006) with the midpoint of the 
dates’ range of depths.  97% of the variance in the sedimentation rate is reflected in its depth, 
suggesting that its variability is almost exclusively autogenic and is determined by the maturity 
of the landform rather than any external change in sediment supplied to it.  As ridges develop, 
sedimentation rates decrease because the landform gets higher and is inundated less frequently.  
The significant correlation probably exists between deposit age and sedimentation rate because 
the older sites analyzed during the project were farther beneath the landform surface; indeed, the 
average age of each site is very highly correlated with the midpoint of the range of depths it 
occupies (r
2 =1.00; p<0.0001).  In addition, the blocks at the Knob Creek site have remarkably 
similar sedimentation rates (excluding the 100 block, where the age-depth relationship was not 
significant), even though their average ages vary as much as 900 years. 
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CHAPTER 6: DISCUSSION AND CONCLUSIONS 
6.1.  Introduction 
This study examined floodplain sedimentation and change through two different scales of 
analysis:  the regional (geologic) scale and within local bottoms.  The former was designed to 
establish spatial and temporal paleoenvironmental differences, using swale characteristics as a 
proxy for backwater environments.  A more detailed, subsurface analysis of Rosewood Bottom 
established the processes of sedimentation, and calculation of sedimentation rates at the Caesars 
Archaeological Project was used to examine the rate of change over time.  Here follows a 
discussion of how these studies collectively reveal differences in Ohio River behavior over the 
Holocene, the possible causes, the implications for archaeological studies of Archaic hunter-
gatherers, suggestions for future work, and a summary of the project. 
6.2.  Lower Ohio River migration and sedimentation in the Early and Late Holocene 
Major differences between Early and Late Holocene river behavior are apparent from 
both the GIS and core data.  The large percentage of Early Holocene floodplain in all geologic 
zones suggests that the river was more migratory during that time.  This is supported by the 
chronology at Rosewood and elsewhere in Harrison County, where the Ohio reached its current 
position by the early Middle Holocene, and maintains Alexander and Nunnally’s (1972) claim 
that the Ohio is currently unusually stable compared to other meandering rivers.  The fact that 
the percentage of Early Holocene sediment increases in a downstream direction implies that the 77 
 
 
change between the Early and Late Holocene was greater in the larger, less constrained 
floodplain.  Since swales at Rosewood Bottom have been filled with Late Holocene sediment, it 
is possible that the same has happened in other bottoms as well, erasing some of the evidence for 
depositional changes over time. 
There are many potential factors responsible for the depositional differences between the 
Early and Late Holocene.  Daniels (2008)  noted that for geomorphic change to be robustly 
characterized as exogenic, evidence had to be ‘regionally synchronous.’  The rapid migration of 
the Early Holocene channel, as well as the heavy dominance of Early vs. Late Holocene 
sediment, is seen throughout the Knobstone region.  The large percentage of Early Holocene 
floodplain may indicate that the river was experiencing net sediment excess during that time, and 
that the floodplain was the loci for storage.  During the Late Holocene, the river may be more 
competent to carry its sediment load.  However, according to the data at Rosewood Bottom, the 
underlying outwash gravels are largely responsible for the Ohio’s location by providing 
hindrances to flow.  In addition, since there is no detectable evidence of changes in the 
sedimentation rate over time, it is not thus far possible to assign an exogenic cause to Ohio River 
behavior.  
However, plenty of evidence exists for autogenic changes on the Knobstone reach.  The 
GIS modeling has suggested that much of the variation in floodplain structure over geologic 
regions is due to differences between individual bottoms.  This is supported in the Knobstone 
region by the fact that the channel ceased to be anabranching at different times (Figure 4.5), 
which, as we have seen above, is a function of the underlying Pleistocene topography and the 
nature of deposition around them.  The fact that significant differences in floodplain structure 78 
 
 
appear to propagate in an upstream-downstream direction also implies that much of the 
behavioral variation is merely due to basin size and gradual environmental changes over space.  
Kidder (2006) demonstrates the importance of basin inputs on a much larger scale.  He explains 
how discharge for the Lower Mississippi River is derived from four separate basins, each which 
behave differently.  For example, the Ohio River contributes the majority of water to the river, 
while the Missouri River is responsible for most of its sediment supply.  Disturbances upstream 
may not affect the trunk river unless most basins are acting simultaneously.  While tributaries to 
the Lower Ohio River tend to be quite small, it is important to recognize that differences in basin 
structure and water and sediment supply affect flow in the trunk stream. 
6.3.  River stability and Archaic settlement theories 
Models of Archaic settlement strategy in the Midwest have been highly influenced by 
Butzer’s (1977) work at the Koster site in the Illinois Valley, where he hypothesized that rivers 
stabilized and backwater/slackwater lakes developed in the Middle Archaic, leading Brown and 
Vierra (1983) to suggest that Late Archaic hunter-gatherers began to prefer large river valleys for 
long-term settlements because of the accessible resources there in contrast to the uplands.   
However, Hajic (1990) found evidence of backwater environments during the Early Holocene in 
the Illinois Valley, rendering Brown and Vierra’s model unsuitable.  Later research (Stafford 
1994; Stafford, et al. 2000) has modified Brown and Vierra’s theory by taking into account 
resource changes in the uplands.   
This work does suggest that the Lower Ohio River in the Knobstone region stabilized 
during the Middle Archaic.  It reached near its current location and, in some bottoms, changed 
from an anabranching to a meandering channel.  The new swales abandoned by the channel may 79 
 
 
well have become productive aquatic environments and attractive places to settle.  In fact, the 
infilling of Early Holocene swales by Late Holocene backwater sediment that Hajic (1990) noted 
in the Illinois Valley appears to be occurring at Rosewood Bottom as well.   
However, the landscape reconstruction of the Lower Ohio has shown that individual 
bottoms display a wide range of structures and development histories, and that these do not 
necessarily correspond with age.  Kidder, et al. (2008), using data from the Lower Mississippi 
River, has highlighted the importance of considering basin stability in settlement models.  He 
found that during periods characterized by frequent flooding, river valleys were abandoned, 
while they were densely populated during times of stability.  Here it is argued that such an 
approach should also be considered when analyzing archaeology in the Midwest.  Indeed, the 
Upper Mississippi and Illinois Rivers were also unstable in the Early Holocene and were prone 
to frequent flooding and avulsion (Bettis et al. 2008; Hajic 1990). 
6.4.  Future Work 
Geoarchaeological studies of the Lower Ohio River Valley would be benefited by a 
basin-wide model for river sedimentation and change (e.g. Bettis, et al. 2008; Kidder, et al. 
2008).  This study has contributed by tying together data from individual bottoms and 
considering the similarities and differences between them.  However, more work is needed in 
quantifying rates of change in these bottoms.  In particular, a more sensitive measurement of 
sedimentation rates may help identify differences between the Early and Late Holocene.   
Collecting dates representing entire landforms would help constrain the effects of sediment 
supply verses landform maturity.  Luminescence dating would be useful for this type of work. 80 
 
 
Within Rosewood Bottom, more dates of channel fill sediment are needed to quantify the 
Ohio’s lateral migration and differences  between the upstream and downstream ends of the 
bottom.  In addition, dates from backwater/slackwater sediment in more swales will help add 
spatial data to the model of flood sedimentation, so that backfilling can be described more 
precisely than as a Late Holocene phenomenon. 
Finally, in order to gain a complete sense of sediment routing through the Ohio Basin, 
data from tributary streams needs to be taken into consideration alongside that of the trunk rivers. 
6.5.  Summary and Conclusions 
This study created a model for Holocene river floodplain development along the Ohio 
River from Knob Creek Bottom to Rosewood Bottom in Harrison County, Indiana using three 
primary techniques.  A model of floodplain structure from Madison to Tell City, Indiana was 
created using a GIS and used to examine differences between geologic regions and Early and 
Late Holocene sediment.  Swales were identified using a DEM and depth, area, and perimeter-
area ratio were used as proxies of their characteristics, which are correlated with backwater 
environments.  Subsurface soil and sediment data were collected from a transect across 
Rosewood Bottom and within a paleochannel common to the study reach and used to reconstruct 
floodplain production within an individual bottom.  Radiocarbon dates from geologic and 
archaeological contexts were used to examine Early and Late Holocene sedimentation rates.  The 
primary findings are as follows: 
•  The perimeter-area ratio is the most sensitive indicator of swale characteristics, but 
may reflect the amount of sediment on the floodplain rather than differences in its 
structure. 81 
 
 
•  Swale shape is significantly different for Early Holocene sediments in the geologic 
regions.  In constricted floodplains, swales tend to be lateral, while in open valleys 
they are curvier and more connected.  Floodplain elevation in open valleys decreases 
with proximity to the channel. 
•  Early Holocene sediment comprises the majority of the floodplain.  It becomes more 
dominant with distance downstream. 
•  Rosewood bottom has a significantly different structure to other bottoms in the study 
reach. 
•  Sediments at Rosewood Bottom can be divided into eight categories:  Post-settlement 
alluvium, backwater/slackwater swale deposits, Late Holocene overbank and channel 
fill, Early Holocene overbank and channel fill, tributary/colluvial sediment, and 
Wisconsin-age outwash. 
•  The Ohio River at Rosewood Bottom migrated to its current position between 8,000 
and 4,050 rcybp.  It was anabranching until around 6,330 rcybp.  During the Late 
Holocene,  deposition occurred primarily as overbank backwater/slackwater 
sedimentation in swales. 
•  In Rosewood Bottom, Early Holocene ridges lay atop Pleistocene braid-bars and 
probably originated as islands that accreted to the floodplain. 
•  The paleochannel seen throughout the study reach was abandoned at different times 
during the Holocene. 
•  Differences in sedimentation rate between Early and Late Holocene ridges were not 
distinguishable from the signal due to landform development. 82 
 
 
•  ‘Regionally synchronous’ changes to the Lower Ohio River include a shift from 
lateral migration to overbank deposition as the primary means of floodplain 
construction and a dominance of Early Holocene sediment on the floodplain.  There is 
not enough evidence to assign an exogenic cause. 
•  Significant differences in floodplain structure between individual bottoms and 
regions, the influence of underlying Pleistocene gravels on river migration, and 
different dates for paleochannel abandonment are indicators of autogenic controls on 
the Ohio’s behavior. 
•  This study complements current models of environmental change for river basins in 
the Midwest, but it is suggested that the stability of the floodplain be given more 
consideration when analyzing Archaic settlement strategy. 
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APPENDIX A:  MODEL DATA 
A-1:  Model code 
 
#Slope correction—takes a DEM of the floodplain, determines the slope of the channel, and 
corrects for #slope.  Input is a DEM cropped to the floodplain.  The code uses a previously-
created raster of the Ohio #with distances to an upsteam datum point and asks for the terrace 
elevation at the datum point. 
 
#  Imports proper modules and sets the workspace environment 
import arcpy 
from arcpy.sa import * 
arcpy.CheckOutExtension("Spatial") 
arcpy.env.workspace = "E:\Ohio GIS\Geospatial_project\Thesis_swales.gdb" 
arcpy.env.overwriteOutput = True 
 
 
 
def new_line(): 
    print 
 
terrace = raw_input("Please enter elevation of terrace in feet:  ") 
new_line() 
print "Thank you.  Please wait." 
new_line() 
 
#  Identifies lists 
floodplainlist = arcpy.ListRasters("INfp_jefferson*","") 
for floodplain in floodplainlist: 
    str(floodplain) 
print "DEM datasets:  " 
print floodplainlist 
intdemlist = [] 
masklist = [] 
new_line() 
 
#  Corrects for the slope of the channel in each DEM 
#  Calculates slope 92 
 
 
for floodplain in floodplainlist: 
    arcpy.env.mask = floodplain 
    print "Correcting for slope: " + floodplain 
    distancesource = EucAllocation("intftrouteptraster", "", "", ".005", "", "", "") 
    arcpy.Resample_management(distancesource, "resamdistsource", .000045, "")#  Mosaicing 
    print "distance raster assigned for:  " + floodplain 
     
    upperend = arcpy.GetRasterProperties_management("resamdistsource", "MINIMUM") 
    upperendvalue = upperend.getOutput(0) 
    upperendfloat = float(upperendvalue) 
    upperplainmask = Reclassify("resamdistsource", "Value", RemapValue([[upperendfloat, 1]]), 
"NODATA") 
    print "upperend: " + upperendvalue 
    minfloodplain = ExtractByMask(floodplain, upperplainmask) 
    upperelev = arcpy.GetRasterProperties_management(minfloodplain, "MEAN") 
    upperelevvalue = upperelev.getOutput(0) 
    upperelevfloat = float(upperelevvalue) 
    print "uppervalue: " + upperelevvalue 
 
    lowerend = arcpy.GetRasterProperties_management("resamdistsource", "MAXIMUM") 
    lowerendvalue = lowerend.getOutput(0) 
    lowerendfloat = float(lowerendvalue) 
    lowerplainmask = Reclassify("resamdistsource", "Value", RemapValue([[lowerendfloat, 1]]), 
"NODATA") 
    print "lowerend: " + lowerendvalue 
    maxfloodplain = ExtractByMask(floodplain, lowerplainmask) 
    lowerelev = arcpy.GetRasterProperties_management(maxfloodplain, "MEAN") 
    lowerelevvalue = lowerelev.getOutput(0) 
    lowerelevfloat = float(lowerelevvalue) 
    print "lowervalue: " + lowerelevvalue 
 
    run = ((lowerendfloat-upperendfloat)**2-(upperelevfloat-lowerelevfloat)**2)**.5 
    slope = (upperelevfloat - lowerelevfloat)/run 
    print "Slope: " 
    print slope 
 
#  Assigns distance to raster 
#for floodplain in floodplainlist: 
 
 
#  Applies a correction factor to each pixel to account for slope 
    nearlyfinalfp = (Raster(floodplain) + (slope*Raster("resamdistsource"))) 
    nearlyfinalfp.save("correctedfp" + floodplain) 
    print floodplain + " corrected." 
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#  Cuts off values above the max floodplain elevation 
    fpreclass = Reclassify(nearlyfinalfp, "Value", RemapRange([[1, terrace, 1]]), "NODATA") 
    print floodplain + " reclassified" 
    extractoutput2 = ExtractByMask(nearlyfinalfp, fpreclass) 
    extractoutput2.save("finalfp" + floodplain) 
    print floodplain + " finished." 
 
#Output of slope corrector 
 
>>>  
Please enter elevation of terrace in feet:  455 
 
Thank you.  Please wait. 
 
DEM datasets:   
[u'INfp_jefferson'] 
 
Correcting for slope: INfp_jefferson 
distance raster assigned for:  INfp_jefferson 
upperend: 78677 
uppervalue: 450.412550107293 
lowerend: 1047438 
lowervalue: 416.255410303043 
Slope:  
3.52585826901e-05 
INfp_jefferson corrected. 
INfp_jefferson reclassified 
INfp_jefferson finished. 
>>> 
 
#Swalemaker—divides slope-corrected floodplain into ridges and swales based on elevation.   
 
#  This program divides the Lower Ohio River floodplain (already corrected for slope) into 
ridges and swales 
 
#  Imports proper modules and defines lists and variables 
import arcpy 
from arcpy.sa import * 
arcpy.CheckOutExtension("Spatial") 
arcpy.env.workspace = "E:\Ohio GIS\Geospatial_project\Thesis_swales.gdb" 
arcpy.env.overwriteOutput = True 
 
bottomraster = "raster_wholefpIN10" 
floodplainlist = arcpy.ListRasters("finalfpINfp_jefferson3", "") 
for floodplain in floodplainlist: 94 
 
 
    str(floodplain) 
print "Rasters:  " 
print floodplainlist 
 
bottomcount = arcpy.GetRasterProperties_management(bottomraster, "MAXIMUM") 
bottomcountvalue = bottomcount.getOutput(0) 
bottomcountint = int(bottomcountvalue) 
 
#  Divides each bottom into ridges and swales based on the average elevation 
def swalemaker(i): 
    while i < bottomcountint + 1: 
        print "Defining swales in Bottom:" 
        print i 
        print "of" 
        print bottomcountint 
        mask = Reclassify(bottomraster, "Value", RemapValue([[i,1]]), "NODATA") 
        bottomdem = ExtractByMask(floodplain, mask) 
        print "mask success" 
        averageelev = arcpy.GetRasterProperties_management(bottomdem, "MEAN") 
        averageelevvalue = averageelev.getOutput(0) 
        averageelevfloat = float(averageelevvalue) 
        ridge_swale = Reclassify(bottomdem, "Value", RemapRange([[0, averageelevfloat, 
0],[averageelevfloat, 500, 1]]), "") 
        i = str(i) 
        ridge_swale.save("ridgeswale" + i) 
        i = int(i) 
        i = i + 1 
     
for floodplain in floodplainlist: 
    swalemaker(1) 
 
#Swalemaker iteration—divides the floodplain into ridges and swales again 
 
 
#  Imports proper modules and defines lists and variables 
import arcpy 
from arcpy.sa import * 
arcpy.CheckOutExtension("Spatial") 
arcpy.env.workspace = "E:\Ohio GIS\Geospatial_project\Thesis_swales.gdb" 
arcpy.env.overwriteOutput = True 
 
bottomraster = "raster_wholefpIN10" 
floodplainlist = arcpy.ListRasters("finalfpINfp_jefferson3", "") 
for floodplain in floodplainlist: 
    str(floodplain) 95 
 
 
print "Rasters:  " 
print floodplainlist 
 
bottomcount = arcpy.GetRasterProperties_management(bottomraster, "MAXIMUM") 
bottomcountvalue = bottomcount.getOutput(0) 
bottomcountint = int(bottomcountvalue) 
 
#  Divides each bottom into ridges and swales based on the average elevation 
def swalemaker(i): 
    while i < bottomcountint: 
        print "Defining swales in Bottom:" 
        print i 
        print "of" 
        print bottomcountint 
        i = str(i) 
        bottom = "ridgeswale" + i 
        i = int(i) 
        swalemask = Reclassify(bottom, "Value", RemapValue([[0,0]]), "NODATA") 
        bottomdem = ExtractByMask(floodplain, swalemask) 
        print "swale mask success" 
        averageelev = arcpy.GetRasterProperties_management(bottomdem, "MEAN") 
        averageelevvalue = averageelev.getOutput(0) 
        averageelevfloat = float(averageelevvalue) 
        ridge_swale = Reclassify(bottomdem, "Value", RemapRange([[0, averageelevfloat, 
0],[averageelevfloat, 500, 1]]), "") 
        i = str(i) 
        ridge_swale.save("swaleridgeswale" + i) 
        ridgemask = Reclassify(bottom, "Value", RemapValue([[1,1]]), "NODATA") 
        bottomdem = ExtractByMask(floodplain, ridgemask) 
        print "ridge mask success" 
        averageelev = arcpy.GetRasterProperties_management(bottomdem, "MEAN") 
        averageelevvalue = averageelev.getOutput(0) 
        averageelevfloat = float(averageelevvalue) 
        ridge_swale = Reclassify(bottomdem, "Value", RemapRange([[0, averageelevfloat, 
0],[averageelevfloat, 500, 1]]), "") 
        i = str(i) 
        ridge_swale.save("ridgeridgeswale" + i) 
        i = int(i) 
        i = i + 1 
     
for floodplain in floodplainlist: 
    swalemaker(1) 
 
#Swaleanalyzer—Divides the ridge/swale floodplain into Early and Late Holocene components 
and #calculates swale area, perimeter-area ratio, and depth.  Needed inputs are rasters of age 96 
 
 
created from soil #data and the floodplain DEM.  Calculates data for each swale.  The ridges are 
classified as swale ‘0.’ 
 
#  Imports proper modules and defines lists and variables 
import arcpy 
from arcpy.sa import * 
arcpy.CheckOutExtension("Spatial") 
arcpy.env.workspace = "E:\Ohio GIS\Geospatial_project\Thesis_swales.gdb" 
arcpy.env.overwriteOutput = True 
 
floodplainage = ["raster_early_holo_IN", "raster_late_holo_in2"] 
ridgeswalefile = "rasterridgeswale" 
clipfile = "rasterridgeswale" 
dem = "finalfpINfp_jefferson3" 
tablelist = [] 
depthlist = [] 
 
def swaleanalyzer(i): 
    while i < 23: 
        print "Analyzing bottom:" 
        print i 
        print "of" 
        print bottomcountint 
        i = str(i) 
 
#  Clips the swale data to the bottom to make processing faster 
        arcpy.RasterToPolygon_conversion(clipfile + i, "polygonbottom" + i, "", "") 
        arcpy.Clip_management(ridgeswalefile + i, "#", "clippedbottom" + i, "polygonbottom" + i, 
"", "ClippingGeometry") 
        print "bottom clipped" 
        ridgeswale = ExtractByMask("clippedbottom" + i, floodplain) 
 
#  Defines individual swales (ridges are 0) and creates a summary table for them 
        print "region grouping..." 
        ridgeswalepatches = RegionGroup(ridgeswale, "EIGHT", "WITHIN", "NO_LINK", "1") 
        ridgeswalepatches.save("regiongroup" + floodplain + i) 
        print "region grouping success!" 
        result_table = ZonalGeometryAsTable(ridgeswalepatches, "Value", "result_table" + 
floodplain + i, "") 
 
#  Adds fields of the patch number, bottom number, perimeter:area ratio, and average depth to 
table 
        arcpy.AddField_management("result_table" + floodplain + i, "intvalue", "LONG", "", "", 
"", "", "NULLABLE", "NON_REQUIRED", "") 97 
 
 
        arcpy.AddField_management("result_table" + floodplain + i, "bottom", "TEXT", "", "", "", 
"", "NULLABLE", "NON_REQUIRED", "") 
        arcpy.AddField_management("result_table" + floodplain + i, "pa_ratio", "FLOAT", "", "", 
"", "", "NULLABLE", "NON_REQUIRED", "") 
        arcpy.AddField_management("result_table" + floodplain + i, "depth", "FLOAT", "", "", "", 
"", "NULLABLE", "NON_REQUIRED", "") 
 
#  Extracts DEM data and determines swale depth 
        print "Finding swale depths..." 
        def depthfinder(n): 
            numberswales = arcpy.GetRasterProperties_management("regiongroup" + floodplain + i, 
"MAXIMUM") 
            numberswalesvalue = numberswales.getOutput(0) 
            numberswalesint = int(numberswalesvalue) 
            while n < numberswalesint + 1: 
                swale = Reclassify("regiongroup" + floodplain + i, "Value", RemapValue([[n,1]]), 
"NODATA") 
                swaledem = ExtractByMask(dem, swale) 
                maxdepth = arcpy.GetRasterProperties_management(swaledem, "MAXIMUM") 
                maxdepthvalue = maxdepth.getOutput(0) 
                maxdepthfloat = float(maxdepthvalue) 
                mindepth = arcpy.GetRasterProperties_management(swaledem, "MINIMUM") 
                mindepthvalue = mindepth.getOutput(0) 
                mindepthfloat = float(mindepthvalue) 
                depth = maxdepthfloat - mindepthfloat 
                depthlist.append(depth) 
                n = n + 1 
        depthfinder(0) 
        print "Depths found." 
 
#  Calculates fields and adds table to list 
        arcpy.CalculateField_management("result_table" + floodplain + i, "bottom", i, "PYTHON", 
"") 98 
 
 
A-2:  Swale output box plots 
 
Box plots of swale characteristics.  E = Early Holocene; L = Late Holocene; M = Muscatatuck 
Regional Slope; K = Knobstone Escarpment; C = Mitchell Plain/Crawford Upland; 5, 6, and 7 
are bottom numbers within the Knobstone Escarpment. 
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APPENDIX B:    SEDIMENT DATA 
B-1:  Core descriptions 
 
DK01 
Landform:  Ohio River Paleochannel/alluvial fan   Elevation:  422 ft amsl   
Soil series:  Wilhite silty clay loam (Inceptisol)    UTM:  16N 599072 m E 4230769 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-10 
1 
10YR4/4; SiCL; few pebbles present; mod fine crumb s.; 
many fine dist. Mottles  Ap  1 
10-30 
 
  
2 
30-109  10YR7/1; common dist. med. mottles:  7.5YR5/8; mod. med. 
ang. bl. str;  E 
109-122  Compacted 
122-160 
2 
10YR 6/1; SiCL (1-2 in ribbon; gritty but grits are Mn); few 
Mn pellets; many med. mottles 7.5YR5/6; strong med. ang. 
bl. str. 
B 
160-195  Gleyed; Gley 1 6/10Y; SiCL; few Mn pellets; mod. fine-med 
ang. gl. str; many med. mottles:  7.5YR5/8  Bg 
195-244  Compacted 
244-310 
3 
Gleyed; Gley 1 6/10Y; SiCL; weak fine ang. bl. str. few Mn 
pellets; heavy redox; many dist. med. oxy mottles:  
7.5YR4/4 
CBg 
310-370 
Gleyed; Gley 1 5/10Y; mod. fine ang. bl. str.; very oxidized; 
gets more oxidized with depth; many prominent coarse 
mottles:  10YR5/8-5YR4/6; large Mn veins/patches 
370-393  Gleyed; 10YR5/1; SiCL; not structure; common dist. fine v. 
light mottles; large patches Mn 
C 
393-439 
4 
Gleyed; 10YR4/1; SiCL; no str.; few distinct fine oxi. 
mottles 
439-457  clear color boundary; 10YR3/1; CL 
457-468  10YR4/1; clay; no mottling/str. 
468-500  10YR2.5/1; CL; v. faint fine oxi. mottles; no str. 106 
 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
500-540  10YR3/1; loam; few prom. mottles:  Gley 1 5/10Y; no str. 
4a 
540-585  Missing 
585-662 
5 
Gley 1 3/10Y; CL; many dist. coarse oxy mottles:  10YR3/4; 
no str. 
662-734  Gleyed; 10YR4/1; loam; many prom. coarse oxy mottles:  
10YR4/3; no str. 
734-883  6  Gleyed; 10YR3/2; loam; few fine dist. oxy mottles 
associated w/ organic material; no structure 
883-930 
7 
Gleyed; 10YR3/2; SiCL; few coause oxy mottles:  
7.5YR5/8; no str. 
930-939  10YR4/2-10YR6/3; loam; laminae 
4b  939-983  Gleyed; 10YR4/1; SaL; few dist. coarse oxy mottles:  
7.5YR6/8; no str. 
983-1032  10YR4/1-107.5YR4/6; loam; laminae 
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DK07 
Landform:  Ohio River Paleochannel    Elevation:  418 ft amsl   
Soil series:  Huntington silt loam (Mollisol)  UTM:  16N 595508 m E 4219892 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-46  1  10YR3/3; SaL; weak fine crumb str.; common faint fine 
mottling  A  1 
46-100     10YR5/2; mod fine ang. bl. str; common prom. fine oxy 
mottles:  7.5YR4/4 
Bt 
2 
100-149  Compacted 
149-217 
2 
10YR4/3; SiCL; few dist. v. fine oxy mottles; common 
prom. fine-med. Mn mottles; weak fine ang. bl. str. 
217-242  10YR4/3; weak common fine oxy mottles and common 
prom. fine oxy veins; no str.  BC 
242-298  Compacted 
298-360 
3 
10YR3/3; loam; common dist. fine oxy mottles; no str. 
C 
360-380  few Mn veins; med. mod. fine ang. bl str? 
380-447  Compacted 
447-555  4  10YR4/3; SaCL-SiCL; many dist. fine oxy mottles; few fine 
Mn mottles; no str. 
555-596  Compacted 
596-710 
5 
10YR4/3; SiCL; many dist. fine-med. oxy mottles; few fine-
med Mn pellets 
710-731  Gley; 10YR5/2 
731-745  Compacted 
745-878  6  10YR4/2; SL-SaC; common v. faint fine mottles; no str. 
878-894  Compacted 
894-986 
7 
CL; no mottling; no str. 
986-1015  laminae  4b 
1015-
1025  gravel/sand; grades to oxidized  Outwash  6 
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DK08 
Landform:  Ohio River Alluvial Ridge    Elevation:  429 ft amsl   
Soil series:  Sciotoville silt loam (Alfisol)  UTM:  16N 594661 m E 4212271 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-16 
1 
10YR3/3; SiL; common faint fine mottles; mod. fine crumb 
str.  A 
2 
16-45  10YR3/3; SiCL; common faint fine mottles; mod. fine ang. 
bl. str.  AB 
45-83  10YR4/4; SiC; common dist. fine mottles; mod.-strong fine 
ang. bl. str. 
Bt  83-149  Compacted 
149-190 
2 
10YR4/4; SiC; common dist. fine mottles; mod. med. fine 
ang. bl. str. 
190-242  10YR4/3; SiCL; weak med ang. bl. str.; few faint fine 
mottles  CB 
242-290  Compacted 
290-420 
3 
10YR4/4; SiC; few dist. coarse mottles; no str. 
C 
420-447  10YR4/4; SaCL; few med. Mn mottles; no str. 
4a 
447-596  4 
10YR4/4; SaL; few faint fine mottles; no str. 
596-745  5 
745-894  6  10YR4/4; SaCL; no mottles; no str. 
894-1022 
7  10YR4/4; SaL; common distinct fine streaky mottles 
(disturbed laminae?); no str.  1022-
1043 
4b 
 
   109 
 
 
DK10 
Landform:  Ohio River Paleochannel    Elevation:  419 ft amsl   
Soil series:  Sciotoville silt loam (Alfisol)  UTM:  16N 594106 m E 4210359 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-10 
1 
10YR4/3; CL; faint mottling; weak crumb str.  Ap + A 
1 
10-37 
2 
37-92  10YR4/3; SiCL; weak fine ped str.; odd Mn concentration; 
mottling gradually increases  AB 
92-119  10YR4/4; SiC; many prom. coarse mottles:  10YR5/3; mod. 
fine ang. bl. str. 
Bt 
119-153  Compacted 
153-206 
2 
10YR5/6; SiC; many prom. coarse mottles:  10YR6/2; odd 
Mn con.; mod. fine ang. bl. str. 
206-249  7.5YR4/4; SiC; gradually less mottling; common prom. fine-
med mottles:  10YR7/2; weak fine ang. bl. str. 
249-302  Compacted 
302-337 
3 
10YR5/6; Clay; common dist. fine oxy mottles:  10YR5/4; 
fine-med. ang. bl. str 
337-451 
10YR4/4; SiCL-SiC; common dist. fine-med. mottles:  
10YR4/3; weak, fine ang. bl. str; odd Mn con. in patches and 
veins  BC 
451-475 
4 
7.5YR4/3; SiC; common dist. fine mottles; many small Mn 
pellets; mod fine-med. ang bl. str 
475-600  10YR4/4; CL-SiC; few distinct fine mottles; many fine Mn 
pellets; mod. fine ang. bl. str. 
CB 
600-710 
5 
10YR4/4; SiC; many dist. fine mottles: w/ few coarse prom. 
mottles:  10YR5/4; few Mn pellets mod. fine-med. ang. bl. 
str 
710-720 
4a  720-749  Gleyed; 10YR4/1; SiC; many prom. coarse oxy mottles: 
7.5YR4/6; no str. 
C 
749-850 
6 
10Y3/2; CL-SaCL-SaC; large sections w/ many coarse oxy 
mottles:  7.3YR4/6; no str. 
850-898  Gleyed; 10YR3/2-2.5Y5/3; SiC-CL; Laminae and thin beds 
with abrupt-clear boundaries; few dist. med. oxy mottles; no 
str. 
4b 
898-1047  7 110 
 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
1047-
1130 
8 
Gleyed; Gley 1 3/10Y-2.5Y3/2; SiL-SaC; few prom. fine 
oxy mottles, no str. 
1130-
1147  Gleyed; Poorly sorted pebbles/coarse sand 
Outwash  6 
1147-
1173  7.5YR4/6; Poorly sorted coarse sand/pebbles 
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DK11 
Landform:  Ohio River Swale      Elevation:  424 ft amsl   
Soil series:  Wheeling silt loam (Alfisol)   UTM:  16N 594033 m E 4209390 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-25  1  10YR3/3; SiL; mod fine crumb str.; no mottling  A 
2 
25-45     2.5Y5/2; SiCL; common dist. med. oxy mottles; mod. fine 
ang. bl. str.  EB 
45-90    
10YR4/4; CL; many prom. coarse oxy mottles:  7.5YR6/4; 
many prom. coarse Mn mottles:  10YR2/1; strong med. ang. 
bl. str. 
Bt 
90-153  Compacted 
153-220 
2 
10YR4/3; SiCL; many prom. coarse oxy mottles:  7.5YR4/6; 
common coarse Mn veins; strong med. ang. bl. str. 
220-276  10YR4/3; SaCL-SaL; common dist. oxy mottles; few fine 
Mn pellets; v. weak ang. bl. str. 
BC 
276-330 
3 
10YR4/3 (looks darker than surrounding sed.); SiCL; 
common faint oxy and Mn mottles; v. weak ang. bl. str. 
330-399  10YR4/3; SaL; v. weak med. mottling; v. weak ang. bl. str. 
4a  399-424  Compaction 
424-430  4 
10YR4/3; SaL/LSa; med. beds; no str. 
C 
430-542    
4b 
542-648  Compaction 
648-751  5  10YR4/3; SaL/LSa; med. beds; no str. 
797-904  6  10YR4/3; SaL/LSa; med. beds; common weak coarse oxy 
mottles; no str. 
904-945  Compaction 
945-1070 
7 
10YR4/3; SaL/LSa; med. beds; common weak coarse oxy 
mottles; no str. 
1070-
1085  med. pebbles (5-15 mm) 
Outwash  6  1085-
1093  Missing 
1093-
1141  8  Grey; 10YR2/1; med. pebbles-coarse sand 
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DK12 
Landform:  Ohio River Swale      Elevation:  421 ft amsl   
Soil series:  Huntington silt loam (Mollisol)  UTM:  16N 594272 m E 4209402 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-30 
1 
10YR3/3; SaCL; few coarse faint oxy mottles; weak fine 
crumb str.  A  1 
30-70  10YR5/2; SiC; common prom. fine oxy mottles:  7.5YR4/6; 
weak-mod. fine ang. bl. str.  E    
70-100       
2 
100-120  10YR4/2; SiC; many prom. coarse oxy mottles: 7.5YR4/6 
(most of matrix is oxy) strong fine ang. bl. str.  EB 
120-153  Missing 
153-255  2 
10YR3/4; SiC; many prom. oxy mottles:  7/5YR4/6-5YR4/6 
(most of matrix is oxy); few coarse Mn mottles; strong med. 
ang. bl. str. 
Bt 
255-275  Missing 
275-300 
3 
10YR3/4; SiC; many prom. oxy mottles:  7/5YR4/6-5YR4/6 
(most of matrix is oxy); few coarse Mn mottles; strong med. 
ang. bl. str. 
300-360  Gleyed; Gley 1 4/10Y; SiC; many prom. coarse oxy mottles:  
7.5YR3/4; mod.-strong med. ang. bl. str 
360-397  Gleyed; 10YR4/3; many coarse oxy mottles, but appear post-
recovery; v. weak ang. bl. str.; extra core 
C 
397-519  4  10YR4/2; SiC; many prom. coarse oxy mottles: 7.5YR4/6 
(most of matrix is oxy) no str.; extra core 
519-560 
5 
10YR4/3; SiC (but can see sand); many weak coarse oxy 
mottles, no str. 
560-580  SaC 
580-641  10YR4/3; SiC (but can see sand); many weak coarse oxy 
mottles, no str.; extra core 
641-670 
6  10YR4/2; SaC; med. beds w/ varying degrees of sandiness 
(firm vs. flimsy ribbon); many weak coarse oxy mottles; no 
str. 
670-789  4b 
789-937  7 
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RB01 
Landform:  Ohio River Swale      Elevation:  428 ft amsl   
Soil series:  Huntington silt loam (Mollisol)  UTM:  16N 594583 m E 4210401 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-82  1  10YR4/2; SaL; mod. fine crumb str. many weak mod. 
mottles  A 
1 
82-107 
2  2 
107-175  10YR4/4; SiC; many weak med. mottles; mod. fine ang. bl. 
str  Bt 
 
RB02 
Landform:  Ohio River Ridge      Elevation:  432 ft amsl   
Soil series:  Wheeling silt loam (Alfisol)   UTM:  16N 594450 m E 4210400 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-48 
1 
10YR3/3; SaC; pebbles on top; no mottling; weak fine 
crumb str.  A 
4a 
48-94  10YR4/3; clay; common faint fine-med. mottles; med. fine 
ang. bl. str.  Bt 
94-120  Compaction 
120-190  2  10YR4/4; SaC; common v. faint fine-med. mottles; mod. 
fine ang. bl. str.  BC 
190-320  3  10YR4/3; SaC, grading to higher sand content; no mottling; 
no structure 
C 
320-410 
4  410-440 
LSa 
440-450 
4b 
450-550  5  SaL 
550-580  Compaction 
580-703  6  10YR4/3; SaL, no mottling; no structure; some spoil may be 
incorporated; auger sample 
703-826  7  10YR4/4; SaL; auger sample 
826-949  8  10YR3/4; SaCL; auger sample 
949-985  Missing 
985  9  Outwash  Outwash  6 
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RB03 
Landform:  Ohio River swale      Elevation:  428 ft amsl   
Soil series:  Weinbach silt loam (Alfisol)  UTM:  16N 594372 m E 4210399 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-20 
1 
10YR3/2; loam w. large pebbles  A 
2 
20-40  2.5Y4/4; SiC; many dist. fine oxy mottles; prom. coarse ang. 
bl. str.  EB 
40-106  Gleyed; 2.5Y4/2; SiC; common dist. coarse oxy and Mn 
mottles; mod. coarse ang. bl. str. 
Bt 
106-138  Compaction 
138-200 
2 
10YR5/4; CL; couple pebbles at top of core--spoil?; many 
prom. med. oxy mottles; mod. fine ang. bl. str. 
200-224  SaCL 
4a 
224-240  Compaction 
240-270  3  Loam; auger sample 
270-293  4  Gley 1 4/10Y; SaL; no structure 
C 
293-316 
5 
SaL 
316-390  SaCL 
390-416  Missing 
416-446  6  SaCL-CL; medium bedded; no structure 
4b  446-579  7 
Sandy; spoil mixed in coure; auger sample 
579-?  8 
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RB04 
Landform:  Ohio River Early Holocene Terrace/Paleochannel  Elevation:  425 ft amsl   
Soil series:  Sciotoville silt loam (Alfisol)      UTM:  16N 594248 m E 4210395 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-10 
1 
10YR4/4; SCL w/ few pebbles (~10mm); faint common fine 
mottles; mod. fine crumb str.  Ap 
1 
10-48 
2 
48-105  10YR4/4-10YR5/4; SC; many dist. med.-coarse mottles; few 
fine Mn pellets; mod. fine ang. bl. str.  Bt 
105-128  Compaction    
128-190 
2  10YR4/6-10YR5/4; clay; many dist. med.-coarse mottles; 
few fine Mn pellets; weak fine-med. ang. bl. str. 
  
190-203    
4a 
203-220  Compaction 
220-353  3  10YR4/4; SCL; no mottling apparent; auger sample 
C 
353-430  4  10YR4/4; SCL-SL; no mottling; massive 
430-453  Spoil/compaction 
453-585 
5  10YR4/4; SC; auger sample 
585-600  4b 
600-650 
7 
10YR4/4; SCL; auger sample 
650-718  10YR4/4 fine sed. and black sand (10YR2/1); many pebbles 
up to 20 mm  Outwash  6 
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RB05 
Landform:  Wisconsin Terrace      Elevation:  441 ft amsl   
Soil series:  Wheeling silt loam (Alfisol)   UTM:  16N 593645 m E 4210395 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-20 
1 
10YR4/3; SL; common faint fine mottles; weak fine crumb 
str.  Ap 
1 
20-30 
5 
30-100  10YR5/4; SC; small (4mm) pebbles 50 cmbs; few dist. fine 
mottles; few fine Mn pellets; weak very fine-fine ang. bl. str.  Bt 
100-220  2  10YR4/4; SC-CL; few faint fine-med. mottles; common fine 
Mn pellets; weak fine ang. bl. str.  BC 
220-243  Compaction 
243-317 
3 
10YR4/4; CL; few faint fine mottles; common fine Mn 
veins; v. weak fine ang. bl. str.  CB 
317-322  pebbles (2-20 mm) and oxy sed:  5YR3/4 
C 
322-335  10YR4/4; CL; few faint fine mottles; common fine Mn 
veins; v. weak fine ang. bl. str. 
335-445  4 
10YR4/4; CL; 40 mm rough cobble at 335 cmbs; 10 mm 
smooth gravel at 357 cmbs; few faint fine mottles; common 
fine Mn veins 
445-532  5 
10YR5/3; clay-CL; 5 mm rounded pebbles at 440 and 525 
cmbs; few faint fine mottles; common fine Mn veins; no 
structure 
532-622  6  10YR4/4; CL; rough 35 mm cobble at 580 cmbs; few fine 
distinct Mn mottles and veins; no structure 
622-726 
7 
10YR4/3; CL; rounded 7 mm pebble at 690 cmbs; very faint 
fine mottles; common Mn veins 
726-727  Oxidation and laminae 
727  Sand and small pebbles at core bottom  Outwash  6 
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RB06 
Landform:  Ohio River natural levee    Elevation:  431 ft amsl   
Soil series:  Huntington silt loam (Mollisol)  UTM:  16N 594741 m E 4210449 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-40 
1 
10YR3/2; SaL; no mottling; no structure  A  1 
40-100 
10YR4/3; SaCL; no mottling; mod. med. crumb str. 
BA 
100-122 
3a 
122-127  Compaction 
127-210 
2 
10YR4/3; SaCL; no mottling; mod. med. crumb str. 
210-235  10YR4/3; CL; no mottling; strong ang. bl. str. 
Bt 
235-340 
3 
10YR4/3 CL; no mottling; mod. med. ang. bl. str. 
340-357  10YR4/3; CL; weak med. ang. bl. str.  BC 
357-476  4  10YR4/4; SiC; few faint fine Mn mottles; weak med. ang. bl. 
str. 
CB 
476-610  5  10YR4/4; SaCL; few fine faint Mn mottles; weak med. ang. 
bl. str 
610-660 
6/7 
10YR4/3; SiC; few faint fine Mn mottles; no structure 
C 
660-690  Spoil 
690-720  10YR4/3; SiC; few faint fine Mn mottles; no structure 
720-790  Missing 
790-840 
8 
Spoil 
840-910  10YR4/3; clay; many distinct fine streaky mottles (disturbed 
laminae?); no structure 
900-910  Missing 
910-940 
9 
Spoil 
940-995  10YR4/3; CL; many distinct fine streaky mottles; no 
structure 
995-1030  Missing 
1030-
1070 
10 
Spoil 
1070-
1098  10YR4/3; SaCL; laminae; no structure 
3b 
1098-
1150 
10YR4/4; SaC (v. sandy); laminae in some sections, mine 
mottles in others; no str. 
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RB07 
Landform:  Ohio River Early Holocene Terrace    Elevation:  434 ft amsl   
Soil series:  Sciotoville silt loam  (Alfisol)    UTM:  16N 594004 m E 4210425 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-28 
1 
10YR3/3; SaL; no mottling; weak med. crumb str.  A 
4a  28-87  10YR4/4; SaCL; common dist. med. oxy mottles; few fine 
Mn pellets; mod. med. ang. bl. str.  Bt 
87-100  10YR4/4; SaL; common dist. med. oxy mottles; weak med. 
ang. bl. str. 
C 
100-122 
4b 
122-132  Compaction 
132-248  2  10YR4/3; SaL-Lsa-S; med.-coarse bedded; many faint fine 
oxy mottles; weak fine ang. bl. str. 
248-362  3 
362-384  Compaction 
384-490  4  10YR4/3; SaL-Lsa-S; med.-coarse bedded; many faint fine 
oxy mottles; weak fine ang. bl. str. 
490-500  Compaction 
500-514 
5 
Lsa 
514-546  Coarse sand with small (<15mm) pebbles) 
Outwash  6 
546-584  Missing 
 
RB08 
Landform:  Ohio River Early Holocene Terrace/Paleochannel  Elevation:  424 ft amsl   
Soil series:  Sciotoville silt loam  (Alfisol)      UTM:  16N 594243 m E 4210395 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-70 
1 
10YR3/3; SaCL; some pebbles (~10 mm) no mottling; weak 
fine crumb str.  A 
2  70-104  10YR4/3; CL; few faint-distinct fine oxy mottles 
Bt 
104-246  2 
10YR4/3; CL grading to loam; mottling more prom. w/ 
depth to v. distinct; few fine Mn pellets; mod. fine ang. bl. 
str. 
246-349  3  10YR4/3; CL-SaC; no mottles; auger sample 
C  4a 
349-363  Missing 
363-400  4  10YR4/3; SaCL; few v. faint fine mottles; v. weak fine ang. 
bl. str. 
400-490  5  10YR4/3; no mottling; no str. 
 119 
 
 
RB09 
Landform:  Ohio River Early Holocene Terrace    Elevation:  434 ft amsl   
Soil series:  Wheeling loam (Alfisol)      UTM:  16N 594319 m E 4210400 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-23 
1 
10YR3/4; SaCL; no mottles; no str.  A 
4a 
23-80  10YR4/4; SaL many fine Mn mottles; weak fine ang. bl. str.  AB 
80-122  10YR4/4; SaC; common weak fine Mn mottles; mod. fine 
ang. bl. str. 
Bt 
122-164 
2 
10YR4/4; SaCL; many weak fine mottles; mod. med. ang. 
bl. str 
164-236  10YR4/4; SaC; many weak fine mottles; weak fine ang. bl. 
str. 
CB 
236-360  3  10YR4/4; CL; few fine faint Mn mottles; v. weak fine ang. 
bl. str. 
360-479  4  10YR4/4; SaC; no mottling; no structure 
C 
479-528  5  Spoil 
528-628 
6 
10YR4/4; LSa; no mottling; no structure 
628-668  Missing 
668-734  7  10YR4/6; SaL; v. few fine oxy mottles; no structure  4b 
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RB10 
Landform:  Ohio River swale (Paleochannel?)  Elevation:  425 ft amsl   
Soil series:  Sciotoville silt loam  (Alfisol)  UTM:  16N 593736 m E 4210384 m N 
 
Core 
depth 
(cmbs) 
Tube  Sediment  Soil 
Horizon 
Unit 
0-80 
1 
10YR4/3; loam; many v. faint fine mottles; weak fine crumb 
str.  A 
2 
80-130  10YR5/3; CL; many dist. med. mottles; mod. fine ang. bl. 
str. 
Bt 
130-240 
2 
10YR5/4; CL; mottling more dist. w/ depth; stron fine-med. 
ang. bl. str. 
240-281  10YR4/3; clay; many dist. fine oxy mottles:  10YR4/4; 
common fine Mn pellets; mod. fine ang. bl. str. 
BC 
281-320 
3 
10YR4/4; SiC; many dist. med. oxy mottles; v. weak coarse 
ang. bl. str. 
320-402  10YR4/4; SiC; many weak fine mottles; no str. 
C 
402-480 
4 
10YR4/4; SiC; common coarse mottles; few coarse Mn 
veins; no structure 
480-505 
4b 
505-530  SiCL; signs of possible laminae (2-5 mm thick) 
530-547  Spoil 
547-580  5 
10YR4/3; SaCL; laminae top 7 dm, then are not 
distinguishable; many prom. coarse mottles; common med.-
coarse Mn pellets 
580-665  6  smooth pebbles (3-15 mm) in SaCL; auger sample  Outwash  6 121 
 
 
B-2:  Magnetic susceptibility readings—graphs 
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B-3:  Grainsize by core depth 
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B-4:  Soil texture triangles by core 
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B-5:  Soil texture triangles by unit 
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B-6:  Magnetic susceptibility data 
DK01 
 
Depth 
(cmbs) 
Susceptibility 
(SI) 
0  25 
10  28 
20  23 
30  22 
40  14 
50  7 
60  7 
70  11 
80  7 
90  8 
122  7 
132  7 
142  8 
152  9 
162  9 
172  9 
244  0 
254  8 
264  9 
274  9 
284  8 
294  8 
304  8 
314  9 
324  9 
334  9 
344  10 
354  9 
364  8 
374  7 
384  8 
393  2 
403  5 
413  5 
423  6 
433  7 
Depth 
(cmbs) 
Susceptibility 
(SI) 
443  8 
453  5 
463  5 
473  10 
483  6 
493  6 
503  7 
513  9 
523  6 
533  10 
585  13 
595  14 
605  15 
615  14 
625  13 
635  16 
645  17 
655  18 
665  16 
675  20 
685  23 
695  22 
705  16 
715  17 
725  18 
734  20 
744  19 
754  19 
764  17 
774  18 
784  18 
794  18 
804  16 
814  16 
824  16 
834  15 
Depth 
(cmbs) 
Susceptibility 
(SI) 
844  16 
854  17 
864  14 
874  18 
883  19 
893  19 
903  16 
913  14 
923  13 
933  17 
943  13 
953  17 
963  12 
973  16 
983  14 
993  17 
1003  18 
1013  12 
1023  16 
 
 151 
 
 
DK07 
  Depth 
(cmbs) 
Susceptibility 
(SI) 
10  54 
20  72 
30  98 
40  83 
50  57 
60  54 
70  42 
80  38 
90  37 
159  45.5 
169  45.5 
179  38.5 
189  39.5 
199  38.6 
209  39.7 
219  24.8 
229  23.8 
239  33.8 
249  35.8 
308  45.5 
318  45.5 
328  38.5 
338  39.5 
348  38.6 
358  39.7 
368  24.8 
378  23.8 
388  33.8 
398  35.8 
457  29.7 
467  31.8 
477  34.8 
487  36.8 
497  31.8 
507  30.8 
517  21.8 
527  23.8 
537  25.9 
Depth 
(cmbs) 
Susceptibility 
(SI) 
547  24.9 
606  20.6 
616  20.6 
626  19.6 
636  20.6 
646  21.6 
656  30.7 
666  27.7 
676  26.7 
686  27.7 
696  23.8 
706  21.8 
716  18.8 
726  14.8 
755  16.6 
765  18.6 
775  17.6 
785  25.6 
795  19.6 
805  19.6 
815  17.7 
825  21.7 
835  20.7 
845  23.7 
855  20.7 
865  21.7 
875  23.7 
904  21 
914  16 
924  21 
934  20 
944  24 
954  21 
964  19 
974  18 
984  26 
994  18 
1004  19 
Depth 
(cmbs) 
Susceptibility 
(SI) 
1014  42 
1024  98 152 
 
 
DK08 
  Depth 
(cmbs) 
Susceptibility 
(SI) 
10  39 
20  68 
30  59 
40  73 
50  79 
60  74 
70  66 
80  58 
90  46 
159  50 
169  42 
179  35 
189  37 
199  39 
209  41 
219  43 
229  41 
239  38 
300  33 
310  44 
320  35 
330  35 
340  36 
350  35 
360  36 
370  37 
380  37 
390  36 
400  37 
410  38 
420  26 
430  34 
440  39 
457  33.6 
467  32.6 
477  31.6 
487  31.7 
497  34.7 
Depth 
(cmbs) 
Susceptibility 
(SI) 
507  38.7 
517  35.8 
527  35.8 
537  33.8 
547  33.8 
557  35.9 
567  35.9 
577  32.9 
587  34.9 
597  34 
606  33.6 
616  32.6 
626  31.6 
636  31.7 
646  34.7 
656  38.7 
666  35.8 
676  35.8 
686  33.8 
696  33.8 
706  35.9 
716  35.9 
726  32.9 
736  34.9 
746  34 
755  38 
765  39 
775  39 
785  38 
795  35 
805  38 
815  36 
825  37 
835  34 
845  33 
855  36 
865  33 
875  32 
Depth 
(cmbs) 
Susceptibility 
(SI) 
885  29 
894  28.5 
904  33.5 
914  32.5 
924  32.6 
934  30.6 
944  30.6 
954  29.6 
964  26.7 
974  27.7 
984  28.7 
994  28.7 
1004  31.8 
1014  29.8 
1024  25.8 
1034  30.9 
1044  27.9 
 
 153 
 
 
DK10 
  Depth 
(cmbs) 
Susceptibility 
(SI) 
10  240 
20  90 
30  98 
40  95 
50  53 
60  45 
70  37 
80  62 
90  65 
100  40 
110  35 
120  33 
163  41 
173  46 
183  30 
193  26 
203  28 
213  23 
223  29 
233  28 
243  32 
253  27 
312  38 
322  39 
332  28 
342  26 
352  29 
362  29 
372  30 
382  28 
392  27 
402  30 
412  30 
422  27 
432  27 
442  30 
452  30 
461  31 
Depth 
(cmbs) 
Susceptibility 
(SI) 
471  29 
481  33 
491  34 
501  32 
511  32 
521  33 
531  32 
541  29 
551  32 
561  32 
571  31 
581  28 
591  31 
610  9 
620  34 
630  31 
640  31 
650  28 
660  24 
670  24 
680  27 
690  26 
700  21 
710  19 
720  18 
730  17 
740  10 
750  8 
759  9 
769  9 
779  18 
789  9 
799  14 
809  11 
819  14 
829  11 
839  12 
849  16 
Depth 
(cmbs) 
Susceptibility 
(SI) 
859  15 
869  14 
879  13 
889  20 
899  18 
909  14 
919  17 
929  15 
939  16 
949  23 
959  21 
969  16 
979  18 
989  19 
999  20 
1009  16 
1019  23 
1029  18 
1039  17 
1049  16 
1057  17 
1067  18 
1077  18 
1087  17 
1097  17 
1107  25 
1117  21 
1127  17 
1137  145 
1147  168 
1157  72 
1167  53 154 
 
 
DK11 
  Depth 
(cmbs) 
Susceptibility 
(SI) 
10  37 
20  53 
30  63 
40  28 
50  9 
60  9 
70  12 
80  21 
90  21 
100  21 
183  21 
193  26 
203  33 
213  42 
223  30 
233  28 
243  36 
253  36 
263  37 
273  39 
286  37.8 
296  29.8 
306  30.8 
316  30.8 
326  33.8 
336  36.8 
346  35.8 
356  33.9 
366  35.9 
376  38.9 
386  40.9 
396  39.9 
434  39.6 
444  33.6 
454  25.7 
464  37.7 
474  29.7 
484  37.8 
Depth 
(cmbs) 
Susceptibility 
(SI) 
494  33.8 
504  35.8 
514  27.9 
524  33.9 
658  26 
668  36 
678  36 
688  25 
698  32 
708  29 
718  30 
728  21 
738  22 
807  34.5 
817  37.7 
827  28.7 
837  27.8 
847  31.8 
857  35.8 
867  20.8 
877  28.8 
887  26.9 
897  17.9 
955  24.5 
965  21.5 
975  22.5 
985  21.6 
995  20.6 
1005  22.6 
1015  20.6 
1025  25.7 
1035  18.7 
1045  20.7 
1055  43.7 
1065  125.8 
1075  100.8 
1085  37.8 
1103  452.7 
Depth 
(cmbs) 
Susceptibility 
(SI) 
1113  182.7 
1123  178.8 
1133  78.8 
1143  124.8 155 
 
 
DK12 
  Depth 
(cmbs) 
Susceptibility 
(SI) 
10  55 
20  74 
30  18 
40  7 
50  6 
60  10 
70  10 
80  8 
90  8 
100  9 
110  9 
120  10 
163  10 
173  10 
183  11 
193  10 
203  10 
213  12 
223  14 
233  19 
243  17 
253  24 
285  19.5 
295  20.5 
305  22.6 
315  23.6 
325  22.6 
335  25.6 
345  25.7 
355  11.9 
365  19.9 
375  28.9 
385  20.9 
395  27.9 
397  26.6 
407  28.7 
417  30.7 
427  33.7 
Depth 
(cmbs) 
Susceptibility 
(SI) 
437  31.7 
447  31.7 
457  31.8 
467  32.8 
477  33.8 
487  36.8 
497  41.9 
507  37.9 
517  40.9 
519  36.6 
529  39.6 
539  42.6 
549  43.7 
559  35.7 
569  38.7 
579  40.7 
589  44.8 
599  45.8 
609  38.8 
619  38.9 
629  36.9 
639  35.9 
641  37 
651  41 
661  34 
671  35 
681  32 
691  32 
701  34 
711  37 
721  43 
731  47 
741  45 
751  41 
761  39 
771  33 
781  43 
789  34.4 
Depth 
(cmbs) 
Susceptibility 
(SI) 
799  40.4 
809  39.5 
819  40.5 
829  38.5 
839  29.6 
849  49.6 
859  55.6 
869  42.7 
879  37.7 
889  45.8 
899  45.8 
909  35.8 
919  36.9 
929  37.9 156 
 
 
RB02 
  Depth 
(cmbs) 
Susceptibility 
(SI) 
10  102 
20  102 
30  88 
40  73 
50  46 
60  46 
70  48 
80  44 
90  39 
130  43 
140  51 
150  50 
160  35 
170  37 
180  26 
190  28 
200  65.8 
210  63.9 
220  65.9 
230  82.9 
240  74.9 
250  78.9 
260  56.9 
270  56.9 
280  65.9 
290  63 
300  62 
330  67 
340  57 
350  62 
360  48 
370  60 
380  59 
390  59 
400  61 
410  68 
420  81 
430  72 
440  56 157 
 
 
RB04 
  Depth 
(cmbs) 
Susceptibility 
(SI) 
10  65 
20  81 
30  120 
40  108 
50  59 
60  47 
70  37 
80  32 
90  38 
100  30 
138  37 
148  35 
158  33 
168  38 
178  37 
188  37 
198  28 
220  53.3 
245  59.4 
270  64.5 
295  65.7 
363  70 
373  77 
383  75 
393  74 
403  74 
413  80 
423  80 
433  56 
453  65 
497  67 
541  61 
586  71 
611  74 
636  101 
661  75 158 
 
 
RB05 
  Depth 
(cmbs) 
Susceptibility 
(SI) 
10  221.1 
20  271.1 
30  108.1 
40  47.1 
50  41.1 
60  29.1 
70  29.1 
80  30.1 
90  30 
100  26 
110  26.9 
120  31 
130  31 
140  28 
150  28 
160  28 
170  30 
180  28 
190  32 
200  28 
210  28 
255  86.5 
265  47.5 
275  52.5 
285  51.5 
295  54.6 
305  52.6 
315  54.6 
325  58.6 
335  50.6 
345  55.6 
355  55.6 
365  61.6 
375  50.6 
385  47.7 
395  51.7 
405  55.7 
415  57.7 
Depth 
(cmbs) 
Susceptibility 
(SI) 
425  56.7 
435  53.8 
445  47.8 
455  58 
465  56 
475  55 
485  56 
495  56 
505  56 
515  61 
525  65 
542  53.5 
552  56.5 
562  63.6 
572  58.6 
582  62.6 
592  60.6 
602  56.6 
612  57.6 
622  58.6 
632  53.6 
642  42.6 
652  56.6 
662  57.7 
672  59.7 
682  55.7 
692  52.8 
702  41.8 159 
 
 
RB06 
  Depth 
(cmbs) 
Susceptibility 
(SI) 
10  221 
20  218 
30  184 
40  119 
50  95 
60  80 
70  79 
80  86 
90  97 
100  108 
110  118 
120  125 
137  166.1 
147  175.1 
157  161.1 
167  105.1 
177  100.1 
187  76.1 
197  97.1 
207  48 
217  111 
227  36 
245  63.9 
255  88.9 
265  80.9 
275  78.9 
285  82.9 
295  91 
305  85 
315  95 
325  88 
335  74 
345  83 
355  84 
367  85.7 
377  95.8 
387  95.8 
397  75.8 
Depth 
(cmbs) 
Susceptibility 
(SI) 
407  72.8 
417  74.9 
427  74.9 
437  69.9 
447  69.9 
457  72.9 
467  70.9 
477  67 
486  64 
496  73 
506  87 
516  86 
526  79 
536  86 
546  85 
556  108 
566  94 
576  64 
586  59 
596  59 
620  67.9 
630  72.9 
640  75.9 
650  57.9 
660  53.9 
690  65 
700  56 
710  54 
720  30 
840  62 
850  65 
860  61 
870  60 
880  53 
890  61 
900  49 
940  45 
950  14 
Depth 
(cmbs) 
Susceptibility 
(SI) 
960  34 
970  34 
980  59 
990  28 
1070  68 
1080  67 
1090  64 
1100  64 
1110  50 
1120  54 
1130  60 
1140  37 
1150  26 160 
 
 
RB07 
  Depth 
(cmbs) 
Susceptibility 
(SI) 
10  100 
20  114 
30  128 
40  120 
50  74 
60  58 
70  70 
80  99 
90  116 
100  109 
110  101 
120  77 
142  91 
152  103 
162  96 
172  70 
182  88 
192  109 
202  113 
212  88 
222  105 
232  73 
242  55 
258  87 
268  80 
278  84 
288  91 
298  90 
308  74 
318  58 
328  66 
338  70 
348  61 
358  47 
394  86 
404  69 
414  64 
424  75 
Depth 
(cmbs) 
Susceptibility 
(SI) 
434  71 
444  87 
454  92 
464  71 
474  67 
484  67 
510  62.9 
520  79.9 
530  200.9 
540  97.9 
550  42.9 161 
 
 
RB08 
  Depth 
(cmbs) 
Susceptibility 
(SI) 
10  106 
20  130 
30  166 
40  197 
50  172 
60  146 
70  82 
80  45 
90  55 
100  25 
114  48 
124  53 
134  52 
144  55 
154  54 
164  49 
174  53 
184  52 
194  53 
204  53 
214  55 
224  48 
234  52 
256  45.4 
266  53.5 
276  61.6 
286  64.6 
296  76.6 
306  74.6 
316  72.6 
326  72.6 
336  72.6 
346  64.6 
363  69.7 
373  63.7 
383  53.8 
393  61.8 
410  71.4 
Depth 
(cmbs) 
Susceptibility 
(SI) 
420  67.4 
430  74.5 
440  65.5 
450  71.5 
460  64.5 
470  61.6 
480  57.6 
490  47.7 162 
 
 
RB09 
  Depth 
(cmbs) 
Susceptibility 
(SI) 
10  87 
20  86 
30  86 
40  73 
50  68 
60  60 
70  49 
80  48 
90  49 
100  51 
110  53 
120  37 
132  62 
142  57 
152  58 
162  67 
172  69 
182  73 
192  82 
202  71 
212  67 
222  61 
232  66 
246  75 
256  68 
266  75 
276  72 
286  72 
296  73 
306  74 
316  68 
326  59 
336  62 
346  64 
356  61 
370  66.7 
380  59.7 
390  57.7 
Depth 
(cmbs) 
Susceptibility 
(SI) 
400  67.8 
410  71.8 
420  58.8 
430  44.9 
538  47 
548  42 
558  54 
568  39 
578  39 
588  36 
598  34 
608  35 
618  29 
668  50.8 
678  46.8 
688  49.8 
698  58.9 
708  58.9 
718  46.9 163 
 
 
RB10 
  Depth 
(cmbs) 
Susceptibility 
(SI) 
10  68 
20  74 
30  77 
40  105 
50  141 
60  106 
70  88 
80  77 
90  64 
100  80 
110  69 
120  53 
130  72 
140  58 
150  49 
160  46 
170  44 
180  51 
190  48 
200  36 
210  28 
220  36 
230  31 
240  31 
250  44 
260  24 
270  20 
291  37.8 
301  37.8 
311  37.8 
321  36.8 
331  38.8 
341  40.9 
351  40.9 
361  43.9 
371  43.9 
381  43.9 
391  43.9 
Depth 
(cmbs) 
Susceptibility 
(SI) 
401  38 
412  44.7 
422  43.8 
432  42.8 
442  41.8 
452  42.8 
462  43.8 
472  40.8 
482  39.8 
492  40.8 
502  37.8 
512  40.9 
522  22.9 
532  26.9 
557  35.9 
567  39.9 
577  38.9 
590  48.8 
640  87.9 164 
 
 
B-7:  Grainsize data 
DK01 
        Core 
depth 
(cm)  % sand  % silt  % clay  Soil type 
20  13.80  73.82  12.39  silt loam 
40  0.22  88.80  10.98  silt 
60  0.10  89.33  10.57  silt 
80  0.00  84.47  15.54  silt loam 
100  0.00  83.08  16.92  silt loam 
130  0.00  83.43  16.58  silt loam 
150  0.00  83.89  16.12  silt loam 
170  0.00  85.36  14.64  silt loam 
190  0.00  86.00  14.00  silt loam 
250  0.00  85.02  14.99  silt loam 
270  0.00  85.73  14.28  silt loam 
290  0.00  85.57  14.44  silt loam 
310  0.00  85.18  14.82  silt loam 
330  0.00  83.66  16.34  silt loam 
350  0.00  84.99  15.01  silt loam 
370  0.00  83.69  16.32  silt loam 
390  0.00  83.52  16.49  silt loam 
410  0.10  83.46  16.44  silt loam 
430  0.06  86.69  13.26  silt loam 
440  3.19  83.23  13.59  silt loam 
450  6.21  81.07  12.73  silt loam 
460  8.80  77.40  13.80  silt loam 
470  6.06  81.68  12.26  silt loam 
480  12.20  76.67  11.13  silt loam 
500  1.04  84.66  14.30  silt loam 
520  13.13  76.28  10.59  silt loam 
590  7.11  78.34  14.55  silt loam 
610  0.55  83.97  15.49  silt loam 
630  0.20  88.08  11.72  silt 
650  0.00  87.02  12.98  silt loam 
660  0.15  86.92  12.94  silt loam 
670  16.71  75.13  8.16  silt loam 
680  14.19  77.29  8.52  silt loam 
690  10.57  77.25  12.19  silt loam 
710  15.74  77.05  7.21  silt loam 
730  12.01  78.91  9.08  silt loam 165 
 
 
740  13.78  77.00  9.23  silt loam 
760  16.33  76.07  7.60  silt loam 
780  10.71  80.47  8.83  silt 
800  11.51  78.88  9.61  silt loam 
820  12.38  79.26  8.36  silt loam 
840  3.75  85.75  10.51  silt 
860  2.41  86.10  11.49  silt 
880  2.38  86.10  11.53  silt 
890  2.06  81.44  16.51  silt loam 
910  3.89  84.95  11.16  silt 
927  10.43  80.02  9.56  silt 
935  3.97  83.26  12.78  silt loam 
941  3.45  85.21  11.34  silt 
950  2.57  79.03  18.41  silt loam 
970  6.81  82.90  10.29  silt 
980  12.26  77.91  9.83  silt loam 
990  4.26  83.04  12.71  silt loam 
1010  4.03  73.18  22.79  silt loam 
1011  3.01  87.27  9.72  silt 
1030  23.94  67.14  8.92  silt loam 166 
 
 
DK07 
       
Core 
depth 
(cm)  % sand  % silt  % clay  Soil type 
10  13.21  74.36  12.43  silt loam 
30  8.40  77.39  14.21  silt loam 
50  9.29  79.97  10.74  silt loam 
70  4.03  83.59  12.39  silt loam 
160  1.50  82.13  16.38  silt loam 
200  1.38  82.52  16.10  silt loam 
240  3.33  83.76  12.91  silt loam 
330  4.17  83.65  12.18  silt loam 
370  2.63  82.78  14.60  silt loam 
470  12.72  74.71  12.57  silt loam 
510  6.46  79.07  14.47  silt loam 
550  1.59  85.62  12.80  silt loam 
630  1.96  84.88  13.16  silt loam 
670  1.90  84.94  13.16  silt loam 
710  3.62  84.65  11.74  silt 
750  1.72  85.43  12.85  silt loam 
790  2.06  86.05  11.89  silt 
830  2.01  85.70  12.30  silt loam 
870  10.03  79.50  10.47  silt loam 
930  1.12  84.00  14.88  silt loam 
970  1.08  85.59  13.33  silt loam 
1010  1.65  85.29  13.06  silt loam 167 
 
 
DK08 
       
Core 
depth 
(cm)  % sand  % silt  % clay  Soil type 
10  1.69  83.25  15.06  silt loam 
30  0.17  83.01  16.82  silt loam 
50  0.21  82.79  17.01  silt loam 
70  0.25  83.66  16.09  silt loam 
180  0.99  84.41  14.61  silt loam 
220  0.00  83.28  16.72  silt loam 
300  0.22  85.00  14.79  silt loam 
340  1.18  85.44  13.39  silt loam 
380  3.09  83.64  13.27  silt loam 
420  17.37  72.02  10.62  silt loam 
460  24.60  66.49  8.92  silt loam 
500  20.53  69.62  9.86  silt loam 
540  13.35  75.96  10.69  silt loam 
580  12.06  76.39  11.55  silt loam 
620  19.47  71.43  9.10  silt loam 
660  9.59  79.31  11.10  silt loam 
700  23.63  67.17  9.21  silt loam 
740  22.40  68.10  9.50  silt loam 
780  27.77  63.85  8.38  silt loam 
820  15.53  74.15  10.33  silt loam 
860  17.36  72.54  10.10  silt loam 
900  14.59  75.49  9.93  silt loam 
960  30.12  61.38  8.50  silt loam 
1000  26.15  65.38  8.47  silt loam 
1040  41.86  50.95  7.19  silt loam 168 
 
 
DK10 
       
Core 
depth 
(cm)  % sand  % silt  % clay  Soil type 
9  7.78  79.51  12.72  silt loam 
50  0.12  82.72  17.16  silt loam 
70  0.00  80.72  19.28  silt loam 
90  0.00  81.31  18.69  silt loam 
110  0.00  82.45  17.56  silt loam 
160  0.00  84.39  15.62  silt loam 
180  0.00  85.14  14.86  silt loam 
200  0.17  86.04  13.79  silt loam 
220  0.23  85.76  14.02  silt loam 
240  1.08  86.41  12.51  silt loam 
330  1.93  85.46  12.61  silt loam 
350  1.05  86.02  12.93  silt loam 
370  1.03  86.20  12.78  silt loam 
390  2.24  85.79  11.97  silt 
410  2.67  85.91  11.42  silt 
430  1.55  86.43  12.03  silt loam 
450  2.94  85.53  11.53  silt 
470  7.67  81.01  11.32  silt 
490  1.78  86.43  11.79  silt 
510  6.43  82.08  11.49  silt 
530  2.51  86.49  11.00  silt 
550  2.66  85.05  12.30  silt loam 
570  3.15  85.78  11.07  silt 
590  2.33  85.46  12.22  silt loam 
610  6.60  82.11  11.30  silt 
630  2.71  85.77  11.52  silt 
650  4.29  84.64  11.07  silt 
690  3.29  84.46  12.25  silt loam 
710  13.79  75.23  10.98  silt loam 
730  9.89  77.34  12.77  silt loam 
750  15.12  73.32  11.56  silt loam 
770  17.10  73.00  9.91  silt loam 
790  36.49  56.11  7.40  silt loam 
810  28.54  63.75  7.71  silt loam 
830  29.65  62.29  8.06  silt loam 
850  26.91  64.84  8.26  silt loam 
870  14.31  74.87  10.83  silt loam 169 
 
 
880  9.53  81.27  9.20  silt 
890  17.28  69.54  13.19  silt loam 
898  19.07  72.03  8.90  silt loam 
910  21.13  68.25  10.62  silt loam 
930  19.13  71.84  9.04  silt loam 
950  4.69  83.60  11.72  silt 
970  14.23  74.49  11.28  silt loam 
990  29.00  62.37  8.63  silt loam 
1010  23.89  66.79  9.33  silt loam 
1030  24.88  65.76  9.37  silt loam 
1050  17.48  72.70  9.82  silt loam 
1070  19.63  69.38  11.00  silt loam 
1110  30.43  60.60  8.97  silt loam 
1130  3.60  85.52  10.88  silt 170 
 
 
DK11 
       
Core 
depth 
(cm)  % sand  % silt  % clay  Soil type 
10  0.19  84.16  15.65  silt loam 
30  0.10  82.75  17.15  silt loam 
50  0.13  81.90  17.97  silt loam 
70  0.12  80.38  19.51  silt loam 
90  0.15  83.20  16.66  silt loam 
160  27.47  57.14  15.39  silt loam 
180  34.60  51.01  14.39  silt loam 
200  0.21  87.12  12.67  silt loam 
220  1.35  85.37  13.28  silt loam 
240  3.51  84.84  11.65  silt 
260  2.96  86.25  10.80  silt 
280  6.54  80.40  13.06  silt loam 
300  6.15  81.38  12.48  silt loam 
320  10.93  76.66  12.41  silt loam 
340  34.47  54.90  10.63  silt loam 
360  12.35  76.37  11.28  silt loam 
380  21.27  68.02  10.71  silt loam 
430  22.05  67.26  10.69  silt loam 
470  37.30  53.95  8.75  silt loam 
510  48.94  43.49  7.58  loam 
660  55.28  37.76  6.96  sandy loam 
700  44.09  47.59  8.32  loam 
740  48.10  44.28  7.62  loam 
820  11.74  74.67  13.60  silt loam 
860  17.72  70.74  11.54  silt loam 
900  43.17  48.35  8.48  loam 
970  54.96  37.86  7.18  sandy loam 
1010  30.54  60.85  8.61  silt loam 
1050  19.29  68.69  12.02  silt loam 171 
 
 
DK12 
       
Core 
depth 
(cm)  % sand  % silt  % clay  Soil type 
10  23.30  66.95  9.75  silt loam 
30  8.61  76.82  14.57  silt loam 
50  2.84  84.62  12.54  silt loam 
70  9.01  78.45  12.54  silt loam 
90  2.70  84.82  12.48  silt loam 
110  0.20  83.51  16.29  silt loam 
160  0.15  81.83  18.03  silt loam 
200  0.10  82.63  17.27  silt loam 
240  0.00  84.11  15.90  silt loam 
300  0.05  85.10  14.86  silt loam 
340  0.03  85.14  14.83  silt loam 
380  0.09  84.48  15.43  silt loam 
420  1.72  85.54  12.75  silt loam 
460  4.20  84.30  11.50  silt 
500  2.66  83.92  13.42  silt loam 
520  1.83  85.84  12.33  silt loam 
540  3.56  83.91  12.53  silt loam 
560  3.85  82.72  13.44  silt loam 
580  11.60  75.96  12.44  silt loam 
600  2.08  83.58  14.35  silt loam 
620  0.20  85.70  14.10  silt loam 
640  1.32  85.36  13.32  silt loam 
660  3.27  84.58  12.15  silt loam 
680  13.27  75.10  11.63  silt loam 
720  18.35  69.53  12.12  silt loam 
760  30.26  59.47  10.27  silt loam 
800  28.64  60.85  10.51  silt loam 
840  13.09  74.11  12.80  silt loam 
880  51.12  42.01  6.87  sandy loam 
920  27.60  63.23  9.17  silt loam 172 
 
 
RB02 
       
Core 
depth 
(cm)  % sand  % silt  % clay  Soil type 
10  9.16  77.24  13.60  silt loam 
30  10.17  74.89  14.94  silt loam 
50  0.24  83.96  15.80  silt loam 
70  3.01  82.91  14.08  silt loam 
90  10.60  77.13  12.27  silt loam 
130  13.64  74.61  11.76  silt loam 
150  18.09  70.93  10.98  silt loam 
170  18.64  70.00  11.36  silt loam 
200  28.52  62.56  8.92  silt loam 
240  40.63  51.41  7.97  silt loam 
280  33.30  58.17  8.53  silt loam 
330  31.03  59.79  9.18  silt loam 
370  24.78  66.33  8.90  silt loam 
410  32.54  59.01  8.45  silt loam 
460  25.94  64.91  9.15  silt loam 
500  35.92  55.72  8.36  silt loam 
540  66.28  28.49  5.23  sandy loam 
632  55.81  37.64  6.55  sandy loam 
662  51.60  41.56  6.84  sandy loam 
748  54.67  38.58  6.75  sandy loam 
778  38.75  56.25  5.00  silt loam 
808  49.88  45.91  4.21  sandy loam 
838  47.71  48.38  3.91  sandy loam 
868  30.35  63.82  5.83  silt loam 
898  45.35  49.82  4.83  sandy loam 
928  35.32  58.88  5.80  silt loam 173 
 
 
RB04 
       
Core 
depth 
(cm)  % sand  % silt  % clay  Soil type 
10  11.15  75.26  13.58  silt loam 
30  0.24  81.87  17.89  silt loam 
50  0.00  81.94  18.07  silt loam 
70  0.00  83.03  16.98  silt loam 
90  0.00  83.92  16.08  silt loam 
130  0.00  85.22  14.79  silt loam 
150  0.19  84.62  15.20  silt loam 
170  0.19  85.73  14.08  silt loam 
190  0.60  86.25  13.15  silt loam 
220  17.54  69.73  12.73  silt loam 
253  18.56  68.50  12.95  silt loam 
286  15.59  71.08  13.34  silt loam 
319  15.53  71.22  13.25  silt loam 
360  1.42  84.29  14.29  silt loam 
380  12.65  73.71  13.64  silt loam 
400  20.53  67.32  12.15  silt loam 
453  19.26  68.17  12.57  silt loam 
486  19.32  68.63  12.06  silt loam 
519  12.44  74.69  12.88  silt loam 
552  19.49  68.08  12.43  silt loam 
585  27.63  61.35  11.03  silt loam 
618  44.21  46.56  9.23  loam 
651  47.60  43.71  8.69  loam 
684  50.53  41.37  8.10  loam 174 
 
 
RB05 
       
Core 
depth 
(cm)  % sand  % silt  % clay  Soil type 
10  11.69  74.16  14.16  silt loam 
30  2.95  82.51  14.54  silt loam 
50  2.76  84.51  12.73  silt loam 
70  3.21  83.91  12.89  silt loam 
90  3.87  83.34  12.79  silt loam 
110  10.21  77.27  12.52  silt loam 
130  3.39  83.83  12.79  silt loam 
150  3.06  84.45  12.49  silt loam 
170  3.50  84.05  12.45  silt loam 
190  4.07  83.76  12.17  silt loam 
210  2.67  84.06  13.27  silt loam 
250  2.62  84.55  12.83  silt loam 
270  3.42  83.47  13.11  silt loam 
290  3.40  83.49  13.11  silt loam 
310  4.35  82.86  12.80  silt loam 
330  3.57  83.56  12.88  silt loam 
350  3.60  83.90  12.50  silt loam 
370  9.95  77.74  12.31  silt loam 
390  3.70  84.23  12.07  silt loam 
410  11.20  77.16  11.64  silt loam 
430  4.35  83.49  12.16  silt loam 
450  6.79  80.45  12.76  silt loam 
470  3.23  85.23  11.54  silt 
490  3.45  84.85  11.70  silt 
510  15.15  73.76  11.09  silt loam 
530  1.82  84.96  13.22  silt loam 
550  2.33  85.23  12.44  silt loam 
570  2.94  84.32  12.74  silt loam 
590  1.98  84.94  13.08  silt loam 
610  2.16  85.29  12.55  silt loam 
630  2.07  85.30  12.63  silt loam 
650  1.73  85.57  12.71  silt loam 
670  1.53  86.02  12.45  silt loam 
690  2.25  84.68  13.07  silt loam 
710  2.37  85.20  12.43  silt loam 
727  11.08  77.27  11.65  silt loam 175 
 
 
RB06 
       
Core 
depth 
(cm)  % sand  % silt  % clay  Soil type 
10  26.46  64.35  9.18  silt loam 
30  12.47  73.50  14.03  silt loam 
50  30.72  59.55  9.73  silt loam 
90  12.73  74.54  12.74  silt loam 
130  16.36  71.39  12.25  silt loam 
170  13.43  73.91  12.66  silt loam 
210  13.03  74.53  12.45  silt loam 
250  14.54  73.40  12.06  silt loam 
290  15.61  72.78  11.61  silt loam 
330  12.07  76.01  11.92  silt loam 
370  10.79  76.80  12.41  silt loam 
410  2.56  83.17  14.27  silt loam 
450  1.68  82.90  15.42  silt loam 
490  15.13  73.38  11.50  silt loam 
530  9.50  77.84  12.66  silt loam 
570  10.42  78.05  11.53  silt loam 
620  9.03  78.95  12.03  silt loam 
660  1.92  83.98  14.10  silt loam 
720  4.53  82.34  13.13  silt loam 
870  9.41  79.59  11.01  silt loam 
950  2.48  84.09  13.43  silt loam 
970  13.68  75.91  10.41  silt loam 
990  20.93  69.28  9.79  silt loam 
1080  13.29  75.49  11.22  silt loam 
1100  22.01  67.77  10.22  silt loam 
1120  19.94  70.02  10.04  silt loam 
1140  11.75  74.26  13.99  silt loam 176 
 
 
RB07 
       
Core 
depth 
(cm)  % sand  % silt  % clay  Soil type 
10  17.54  71.06  11.41  silt loam 
30  17.54  68.66  13.80  silt loam 
50  16.75  69.88  13.36  silt loam 
70  15.65  71.95  12.39  silt loam 
90  20.16  68.77  11.07  silt loam 
110  33.23  57.38  9.38  silt loam 
140  39.37  52.35  8.29  silt loam 
160  53.14  39.31  7.55  sandy loam 
180  34.25  56.54  9.20  silt loam 
190  58.37  38.47  3.16  sandy loam 
200  34.62  61.01  4.38  silt loam 
210  41.24  54.59  4.18  silt loam 
224  48.56  47.51  3.92  sandy loam 
234  29.70  65.52  4.78  silt loam 
246  54.85  42.01  3.14  sandy loam 
250  51.86  44.72  3.43  sandy loam 
270  32.17  58.39  9.44  silt loam 
290  32.20  59.05  8.75  silt loam 
300  35.98  54.77  9.25  silt loam 
315  50.55  42.05  7.39  loam 
330  24.52  65.73  9.75  silt loam 
350  40.02  51.74  8.25  silt loam 
390  34.81  56.29  8.91  silt loam 
410  28.17  62.64  9.19  silt loam 
430  28.35  61.53  10.12  silt loam 
450  42.39  49.67  7.94  loam 
458  92.83  5.91  1.26  sand 
465  37.77  53.40  8.82  silt loam 
475  60.64  33.45  5.91  sandy loam 
508  45.31  47.09  7.60  loam 
532  91.49  6.85  1.66  sand 177 
 
 
RB08 
       
Core 
depth 
(cm)  % sand  % silt  % clay  Soil type 
10  1.25  83.01  15.75  silt loam 
30  1.93  81.90  16.18  silt loam 
50  0.14  80.95  18.92  silt loam 
70  0.13  80.70  19.18  silt loam 
90  0.00  82.30  17.71  silt loam 
120  0.00  83.29  16.72  silt loam 
140  0.07  84.66  15.28  silt loam 
180  2.60  84.46  12.94  silt loam 
220  1.52  85.12  13.36  silt loam 
250  11.41  75.00  13.60  silt loam 
290  3.89  83.68  12.43  silt loam 
330  21.69  66.66  11.65  silt loam 
390  17.44  68.59  13.97  silt loam 
440  11.97  74.40  13.63  silt loam 
480  26.80  63.08  10.12  silt loam 
 
 
RB09 
       
Core 
depth 
(cm)  % sand  % silt  % clay  Soil type 
10  11.34  75.08  13.58  silt loam 
60  21.38  67.22  11.41  silt loam 
100  16.29  72.18  11.54  silt loam 
140  10.78  76.97  12.25  silt loam 
200  10.28  78.35  11.37  silt loam 
270  9.82  79.42  10.77  silt loam 
350  18.03  71.94  10.03  silt loam 
400  28.43  62.29  9.28  silt loam 
560  17.31  72.85  9.84  silt loam 
600  12.52  77.42  10.06  silt loam 
700  41.44  49.93  8.63  loam 178 
 
 
RB10 
       
Core 
depth 
(cm)  % sand  % silt  % clay  Soil type 
13  0.22  88.00  11.78  silt 
30  0.24  87.19  12.57  silt loam 
50  1.64  83.16  15.20  silt loam 
70  0.08  85.88  14.04  silt loam 
90  0.11  85.62  14.27  silt loam 
110  0.17  84.74  15.09  silt loam 
130  0.13  83.68  16.19  silt loam 
150  0.19  83.22  16.59  silt loam 
190  1.60  84.71  13.69  silt loam 
230  0.84  86.63  12.53  silt loam 
270  0.03  86.56  13.41  silt loam 
310  1.62  86.32  12.07  silt loam 
350  2.19  85.59  12.22  silt loam 
390  1.92  87.03  11.05  silt 
410  2.81  86.52  10.68  silt 
430  2.83  86.02  11.16  silt 
450  2.19  85.72  12.09  silt loam 
460  2.94  85.34  11.72  silt 
470  1.26  85.67  13.07  silt loam 
480  3.20  84.43  12.37  silt loam 
490  6.54  82.60  10.86  silt 
500  7.29  81.87  10.84  silt 
510  3.99  84.67  11.35  silt 
520  2.22  85.91  11.87  silt 
560  4.08  85.47  10.45  silt 
580  20.25  70.54  9.22  silt loam 179 
 
 
 
 
   
APPENDIX C:  PARTICLE SIZE ANALYSIS LABORATORY PROCEDURE 
 
Sample preparation 
 
Removing the raw sample 
1.  Extract a generous amount of sample from the core (about 5 grams or so) and put into a 
tared aluminum dish.  Dry the sample (overnight) in an oven (~Level 3 in the 
Archaeology Lab). 
2.  Crush the sample into a fine powder in a mortar and pestle.  Try to lose as little dust as 
possible.  Remove 0.2-0.3 grams of sample into a snap-top container and transfer the rest 
to a sample bag.  The more sand in the sample, the more you will need.  Be sure to wipe 
the mortar with a cloth or paper towel between each use.  Save the aluminum dish for 
later use. 
 
Wet sieving 
3.  Add 0.5% sodium hexametaphosphate (HMP) to the snap-top container so that the liquid 
line is well over the sediment.  Leave overnight so that the clay nodules separate. 
4.  Sonicate the sample for about 10 minutes.  While waiting, label a 250 mL beaker.  Set up 
a ring stand with a funnel in it.  Place a 250 µm sieve on top of the funnel.  Put the beaker 
under the funnel. 
5.  Shake the sample briskly, and then quickly dump it onto the sieve.  Use a squirt bottle 
filled with HMP to wash the fine particles through the sieve and into the beaker.  If 
necessary, break up any clay clumps with a spatula.  Keep washing the sieve until the 
solution draining down the funnel runs completely clear.  Squirt down the funnel and the 
underside of the sieve to get any stragglers into the beaker. 
6.  Note the amount of sand left in the sieve.  If a sizable portion of the sample (i.e. more 
than a few grains) remains, a larger sub-sample must be weighed and sieved to determine 
the fraction >250 µm (see below). 
7.  Place the beaker into the sonic bath until ready for particle size analysis.  Make sure that 
it does not remain there for too long, as too much sonication may split clay particles. 
 
Calculating the coarse fraction 
8.  This portion of the lab procedure only needs to be completed if there was a significant 
fraction of sand remaining in the sieve after preparing the initial sample.  Weigh several 
grams of crushed sample into a snap-top container and add HMP until the liquid line is 
well over the sample.  Soak overnight. 
9.  Sonicate the sample for about 10 minutes.  While waiting, label and weigh a 250 mL 
beaker and an aluminum dish (you can use the dish that held the original sample). 180 
 
 
10. Sieve the sample following the directions above.  Using the HMP squirt bottle, wash the 
remaining coarse grains back into the aluminum dish.  If the water is cloudy, not all clay 
has been removed and the sample should be re-sieved.  Note the amount of organic 
material.  Put both fine and coarse grains into the oven (~Level 3) until they are dry.  
When clay is dry, it will curl at the edges of the beaker. 
11. Once the samples are dry, weigh both and make sure that the sum of the fine and coarse 
fractions is not more than a couple hundredths of a gram different from the original mass.  
 
 
 
Particle size analysis 
 
Preparing the machine and running samples 
1.  Turn on the particle size analyzer (the switch is on the left hand side of the machine). 
2.  Boot up the computer and open the CILAS Particle Size program.  A schematic of the 
machine should appear.  Specific parts can be activated on the analyzer by pressing them 
on the screen. 
3.  Ensure that the sample tank is clean and free of sand.  Open the machine and check that 
the tubes have no kinks and are not starting to crack.  Pay close attention to the tubes on 
the pumps. 
4.  Fill the sample tank with HMP.  The tank on the schematic will turn blue when it is full.  
Press the Measuring button (the green ruler) on the program toolbar.  A new screen will 
pop up.  Press ‘Background meas.’ in the lower left corner.  The machine will run a 
background measurement of particles/bubbles in the HMP to take out any background 
noise.  When the measurement is running, a screen with a bunch of numbers will pop up.  
Make sure that Lasers 1 and 2 (the bottom numbers) are over 7000 (they are usually 
above 9000) and the other readings are under 1000.  A new background measurement 
will need to be run (as a minimum) at the beginning of each session and every time a new 
batch of HMP is used.  You can never run too many background measurements! 
5.  The analyzer is now ready for samples.  The Measuring screen should still be up.  Type 
the sample name and any other data in the appropriate boxes.  Make sure that the ‘US 
during dispersion’ is checked and at 60 s and that all other boxes in the lower-middle 
portion of the screen are unchecked.  The SOP name should be ‘Fraunhofer.’  Check the 
‘Automatic incrementation’ box.  The First number should be 1, Number of 
measurements, 2, and the Delay between two measurements at 0 s. 
6.  Add HMP to the measuring tank so that it is ~3/4 full.  When running a measurement 
directly after a background check, the tank will already be full and it will have to be 
emptied a little by pressing the drain lever on the schematic (the copper-colored knob at 
the bottom).  Activate the stirrer.  Remove the sample from the sonic bath, stir it with a 
rubber policeman to get particles in suspension, and then dump the sample into the tank.  
Use a squirt bottle of HMP to get the all sample out of the beaker.  If the tank is not full, 
add HMP.  Press the green ‘Sample measurement’ button. 
7.  The grainsize distribution of the sample will now be counted twice.  After each run, the 
results will appear.  Cumulative percentages for the clay/silt and silt/sand boundaries can 
be found under the ‘Results’ tab. 181 
 
 
8.  The machine will need to be rinsed after each sample run.  Press the Rinsing button (the 
mop and bucket) on the main toolbar.  When the measuring tank is empty, fill it with tap 
water, and it should start emptying again.  Repeat once more with tap water, and then fill 
one last time with distilled water.  When the tank is empty, press the stop button (big red 
button) on the toolbar.  At the end of each session, use distilled water for all three rinses. 
9.  The analyzer is now ready for the next sample.  When the Measuring button is pressed, a 
box will appear stating that an automated process was interrupted; press OK. 
 
 
Troubleshooting common problems: 
Stirrer will not work.  Sometimes the stirrer gets stuck and will not turn on.  Usually, turning on 
the ultrasound (the disk under the sample tank) will make it start.  It may take a little time for it 
to warm up. 
Rinsing does not start up when the tank is full.  You probably filled the tank too quickly.  You 
can start refilling the tank before the last rinse is complete, but wait until the mixer stops before 
the sensor detects that the tank as full.  If this happens, you can just press the rinse button again. 
Tank has problem emptying during rinsing.  Check the hose at the back of the machine.  Water 
should be flowing at a pretty good pressure.  If you’re only getting a trickle, a tube is probably 
clogged.  Open the machine and check the tube under the measuring cell.  If there is sediment 
trapped, pinch and unpinch the tube during rinsing until the clog is released.  Then make sure 
that you’re using the proper dispersal liquid (the HMP) and that your sample has been sonicated 
long enough. 
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APPENDIX D:  RADIOCARBON DATE REPORTS FROM BETA ANALYTIC, INC. 
 
 
 
 
Dr. Kathryn De Rego  Report Date: 4/20/2012 
 
Indiana State University Material Received: 4/9/2012 
 
 
 
Sample Data  Measured  13C/12C  Conventional 
Radiocarbon Age  Ratio  Radiocarbon Age(*) 
 
 
Beta - 319873  6400 +/- 40 BP  -29.7 o/oo  6320 +/- 40 BP SAMPLE :  carDK10.8.5 
ANALYSIS : AMS-Standard delivery 
MATERIAL/PRETREATMENT :  (plant material): acid/alkali/acid 
2 SIGMA CALIBRATION   :  Cal BC 5370 to 5220 (Cal BP 7320 to 7170) 
 
 
Beta - 319874  2220 +/- 30 BP  -27.6 o/oo  2180 +/- 30 BP SAMPLE :  carT170 
ANALYSIS : AMS-Standard delivery 
MATERIAL/PRETREATMENT :  (charred material): acid/alkali/acid 
2 SIGMA CALIBRATION   :  Cal BC 360 to 270 (Cal BP 2310 to 2220) AND Cal BC 260 to 170 (Cal BP 
2210 to 2120) 
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Dr. Kathryn De Rego  Report Date: 3/26/2012 
 
Indiana State University Material Received: 3/6/2012 
 
 
 
Sample Data  Measured  13C/12C  Conventional 
Radiocarbon Age  Ratio  Radiocarbon Age(*) 
 
 
Beta - 317936  3230 +/- 30 BP  -24.9 o/oo  3230 +/- 30 BP SAMPLE :  carDK08.2.1 
ANALYSIS : AMS-Standard delivery 
MATERIAL/PRETREATMENT :  (charred material): acid/alkali/acid 
2 SIGMA CALIBRATION   :  Cal BC 1600 to 1590 (Cal BP 3550 to 3540) AND Cal BC 1530 to 1430 (Cal BP 
3480 to 3380) 
 
 
Beta - 317938  3840 +/- 30 BP  -26.6 o/oo  3810 +/- 30 BP SAMPLE :  carRB03.5.1 
ANALYSIS : AMS-Standard delivery 
MATERIAL/PRETREATMENT :  (wood): acid/alkali/acid 
2 SIGMA CALIBRATION   :  Cal BC 2340 to 2190 (Cal BP 4290 to 4140) AND Cal BC 2180 to 2140 (Cal BP 
4130 to 4090) 
 
 
Beta - 317939  105.8 +/- 0.3 pMC  -12.7 o/oo  103.2 +/- 0.3 pMC SAMPLE :  carRB04.7.1 
ANALYSIS : AMS-Standard delivery 
MATERIAL/PRETREATMENT :  (wood): acid/alkali/acid 
COMMENT: The reported result indicates an age of post 0 BP and has been reported as a % of the modern reference 
standard, indicating the material was living about the last 60 years or so (“pMC” = percent modern carbon). 
 
 
Beta - 317940  4040 +/- 30 BP  -24.3 o/oo  4050 +/- 30 BP SAMPLE :  carRB06.3.1 
ANALYSIS : AMS-Standard delivery 
MATERIAL/PRETREATMENT :  (charred material): acid/alkali/acid 
2 SIGMA CALIBRATION   :  Cal BC 2830 to 2820 (Cal BP 4780 to 4770) AND Cal BC 2660 to 2650 (Cal BP 
4610 to 4600) Cal BC 2630 to 2490 (Cal BP 4580 to 4440) 
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Dr. Kathryn De Rego  Report Date: 3/26/2012 
 
 
 
 
Sample Data  Measured  13C/12C  Conventional 
Radiocarbon Age  Ratio  Radiocarbon Age(*) 
 
 
Beta - 317941  NA  -24.4 o/oo  > 43500 BP SAMPLE :  carRB07.2.1 
ANALYSIS : AMS-Standard delivery MATERIAL/PRETREATMENT :  (charred material): acid/alkali/acid 
COMMENT: 
(1) The 14C activity was extremely low and almost identical to the background signal.  In such cases, indeterminate 
errors associated with the background add non-measurable uncertainty to the result.  Always, the result should be 
considered along with other lines of evidence.  The most conservative interpretation of age is infinite (i.e. greater 
than). 
(2)  A Measured Radiocarbon Age is not reported for infinite dates since corrections may imply a greater level of 
confidence than is appropriate. 
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Dr. Kathryn De Rego  Report Date: 9/12/2011 
 
Indiana State University Material Received: 9/2/2011 
 
 
 
Sample Data  Measured  13C/12C  Conventional 
Radiocarbon Age  Ratio  Radiocarbon Age(*) 
 
 
Beta - 305235  7120 +/- 40 BP  -27.2 o/oo  7080 +/- 40 BP SAMPLE :  carDK01.7.21 
ANALYSIS : AMS-Standard delivery 
MATERIAL/PRETREATMENT :  (wood): acid/alkali/acid 
2 SIGMA CALIBRATION   :  Cal BC 6020 to 5890 (Cal BP 7970 to 7840) 
 
 
Beta - 305236  6340 +/- 40 BP  -25.6 o/oo  6330 +/- 40 BP SAMPLE :  carDK10.6.2 
ANALYSIS : AMS-Standard delivery 
MATERIAL/PRETREATMENT :  (wood): acid/alkali/acid 
2 SIGMA CALIBRATION   :  Cal BC 5370 to 5220 (Cal BP 7320 to 7170) 
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APPENDIX E:    RADIOCARBON DATES USED FOR SEDIMENTATION RATES 
 
Dates are from the Caesars Archaeological Project (Stafford, 2007). 
 
Caesars 
Unit 
Age 
(rcybp)  ± 
Depth (m 
bd)  Feature  Site (12Hr) 
 
U2a  2100  70  0.53  F400-7  484 
 
U2a  5070  70  1.90  F400-122  484 
 
U2a  4400  70  1.83  F400-101  484 
 
U2a  3400  70  0.80  F400-114  484 
 
U2a  7220  70  2.62  F400-146  484 
 
U2a  6730  80  2.84  F400-153  484 
 
U2a  2190  70  0.81  F300-60  484 
 
U2a  6780  80  2.65  F300-33  484 
 
U2a  2980  70  0.91  F300-58  484 
 
U2a  3580  70  1.00  F300-72  484 
 
U2a  6270  70  2.19  F300-114  484 
 
U2a  6740  90  2.51  F300-132  484 
 
U2a  2740  130  0.65  F200-25  484 
 
U2a  2780  70  1.06  F200-26  484 
 
U2a  1710  80  0.94  F200-108  484 
 
U2a  6840  70  2.30  F200-44  484 
 
U2a  4850  70  2.05  F200-157  484 
 
U2a  5270  80  2.55  F200-165  484 
 
U2a  5000  70  1.85  F200-120  484 
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Caesars 
Unit 
Age 
(rcybp)  ± 
Depth (m 
bd)  Feature  Site (12Hr) 
 
U2a  2167  47  1.10  F200-PM1  484 
 
U2a  7220  70  2.39  F370  484 
 
U2a  2080  70  0.80  F100-112  484 
 
U2a  2070  70  0.72  F100-37  484 
 
U2a  2000  70  0.53  F100-7  484 
 
U2a  3400  70  0.80  F100-114  484 
 
U2a  3570  70  1.01  F100-161  484 
 
U2a  3430  70  0.80  F100-165  484 
 
U3a  8320  80  1.70  F46  520 
 
U3a  9350  80  2.06  F98  520 
 
U3a  8780  80  2.00  F136  520 
 
U3a  8740  100  1.73  F103  520 
 
U3a  9260  40  1.76  F205  520 
 
U3a  8900  120  1.91  F235  520 
 
U3a  9200  60  1.88  F213  520 
 
U3a  8810  120  1.97  F275  520 
 
U3a  9420  100  3.65  F271  520 
 
U3a  10370  190  4.10  F300  520 
 
U3b  9490  60  4.80  F298  520 
 
U3a/b  9700  100  4.77  F311  520 
 
U3a/b  10010  100  4.30  F306  520 
 
U3b  9680  170  6.61  F313  520 
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APPENDIX F:    ROSEWOOD BOTTOM SITE PHOTOS 
 
 
View west; truck is in swale (RB10) with Wisconsin terrace behind and Knobstone bluffs in 
background 189 
 
 
 
Fourmile Creek bed 
 
View east from the Wisconsin terrace; truck is in swale (RB10) 190 
 
 
 
View west; alluvial fan in midground.  Photo taken just north of the transect. 
 
View of easternmost Early Holocene terrace (RB09) from paleochannel (DK10), facing east 191 
 
 
 
View of westernmost Early Holocene terrace (RB07), facing west 
 
Westernmost Early Holocene terrace (far right) and paleochannel (middle), facing south 192 
 
 
 
Easternmost Early Holocene terrace (left middle), sloping downward, facing southeast 
 
Eastern ridges and swales (RB03, RB02, RB01, and RB06), taken from the easternmost Early 
Holocene Terrace (RB09), facing east 193 
 
 
 
Ohio River channel, taken from current natural levee (RB06), facing northeast 
 